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Abstract 
Experiments were performed to determine the effect of 
prolonged cold exposure on the lactational performance, feed 
digestibility, organ development and mammary blood flow of 
lactating ewes, to determine the degree of diurnal variation 
and to examine the influence of acute stress on mammary 
blood flow and to assess the growth, morphological and 
digestive responses of young lambs to a cold environment. 

Exposure of lactating ewes to 0°C for 24 h resulted in 
a 20 % increase in heat production, which rose to a level 
55 % higher than thermoneutral values after 41 days of 
beeatmentseDrgqesti bel ut yirotmat 1 anh cbarlbeys2oe%ealbtalbiacgdiet, 
measured after 50 days of cold exposure, was reduced by 
3.8 % (P<0.05). Plasma noradrenaline and triiodothyronine 
levels were elevated (P<0.05) in the cold-exposed ewes and 
plasma adrenaline, thyroxine and glucose levels also tended 
to be increased. Chronic cold exposure had no influence on 
plasma levels of insulin. 

Despite the decreased feed digestibility and the 
increased metabolic demands of the ewes, milk production was 
not significantly altered by cold treatment. Milk 
concentrations of fat and protein tended to be higher in the 
cold-exposed ewes but lactose concentration remained 
unchanged. Milk fat was characterized by a reduced (P<0.01) 
pucporcloneorychorl chatnetattyeacrdstassagresule ofs¢celd 
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Coldsstressmresultediin arsigniticantrdegqrecsof adrenal 
gland hypertrophy (P<0.05) and a tendency of increased 
thyroid weight but had no influence on the weight of the 
gastro-intestinal tract. 

After 8 wk of cold treatment mammary gland weight/unit 
bodyweight was reduced (P<0.05). Analysis of the tissue 
Conpositaonsotetherraghtihal® ofstheaudder tevealledia 
tendency of decreased secretory tissue mass as a result of 
cold exposure. Total mammary blood flow (ml.min-“', 
m1.100g°'.min~') measured with radionuclide labelled 
microspheres also appeared to be depressed as a consequence 
of cold exposure. As a proportion of total mammary blood 
flow, secretory tissue blood flow was reduced by 
approximately the Same amount as connective tissue blood 
flow was increased in the cold-exposed ewes. Suckling 
resulted in a tendency of reduced mammary blood flow in both 
the control and cold-exposed ewes but had no influence on 
blood flow distribution within the mammary gland. Blood flow 
to the popliteal adipose depot of the hindlimb increased 
over three-fold as a result of cold exposure. Blood flow to 
selected muscles of the hindleg was slightly increased 
apenoughs bloodeiiow bo the skin ob the lequwas reduced) asia 
consequence of cold exposure. 

Continuous recording of blood flow through the right 
mammary artery with an electromagnetic blood flow probe 
revealed that changes in posture, feeding, minor stresses 


and suckling caused blood flow to decrease. During acute 
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cold exposure, mammary blood flow and udder surface 
temperatures fell markedly when the ewe was standing but 
lying down effectively insulated the mammary gland from the 
colds 

Young suckling lambs housed at O0°C had a slightly 
depressed rate of growth despite nutrient intakes similar to 
the lambs housed at a neutral temperature. Weight gain over 
a short period following weaning also tended to be lower as 
a consequence of cold exposure. Cold-exposed lambs were 
characterized by a tendency of reduced ear size and 
decreased leg bone length, particularly of the more distal 
bones of the hindlimb. Although the dry matter and nitrogen 
Gigestibilities®ot,a-concentrate ration fed to the weaned 
Dambseweremnotwarlecteatby coldvexposure;abecausemortira 
relative increase in urinary nitrogen loss, nitrogen 
retention was, reduced (P<0.05). Organ weights measured after 
11 wk of differential temperature exposure were Similar for 
both groups although the increased thyroid and abomasal 
weights of the cold-exposed lambs approached statistical 


Significance (P<0.10). 
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Ieeintroductron 

Exposure to a cold environment elicits certain behavioral, 

physiological and biochemical changes designed to enable the 

animal to maintain a state of homeothermy. In general, the 
influence of a low ambient temperature acts through 
alterations of the neural, neuro-endocrine and endocrine 
control systems of the animal, resulting in: 

1. changes in behavior (ie. posture and activity) (Gonyou 
etraln (879) that help to minimize heat loss to the 
environment. 

a pee once vasoconstriction (Alexander 1979; Thauer 
1965; Thompson 1977) which increases the tissue 
insulation of the animal, thus reducing convective and 
conductive heat losses. 

3. increased blood flow to thermogenic tissues (ile. 
skeletal muscle, brown adipose tissue) to support both 
shivering and non-Sshivering forms of thermogenesis 
Gthompson G19 77) : 

4. increased heart rate and cardiac output (Hales et al. 
19765 Thompson tet al. 91975) eto thelp support “an /increased 
metabolic rate. 

3 ees res Metabolic “activityeot the ithyrord glandeand 
sympathetico-adrenal medullary system which has been 
suggested to be important in co-ordinating and 
regulating the animal's response to a cold environment 
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The influence of these cold-induced events on the 
Process Of milk formation has received little attention. 
Possible mechanisms by which temperature and other 
biometeorlogical factors may affect milk production have 
been suggested by Johnson (1976) and are presented in Figure 
I.1. Since milk formation depends upon the supply and uptake 
of nutrients by the mammary gland, a low ambient temperature 
potentially coulderestriet the animals capacitystor milk 
production by: 

Wee ce Striclingegnuerient (Supplies nr ouG he 
a. a reduction of feed digestibility. 
be a divercion, of nutrients, away trom milk orocuctvon 
to meet the increased maintenance energy demands of 
the lactating animal. 
Cc. an alteration of mammary blood flow. 
2. altering the endocrine balance necessary for milk 


secretion. 


WwW 
° 


decreasing the rate of mammary metabolism because of 
reduced tissue temperature. 

What has not been considered by Johnson (1976) or other 
researcners (Clarke, etrual. I9vermraulkner en ale 21980> 
Thompson and Thomson 1977; Thomson et al. 1979) is the 
inc luence! Of ethe suckling VOUuUnGgmOnAtne capaci yaar oa 
cold-stressed animal to produce milk. In a situation where 
both the lactating animal and the suckling offspring are 
housed in a cold environment, the increased energy demands 


Of the offspring may mesult in an increased vapperite drive, 
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Figure 1.1 Influence of Cold on the Neural, Neuro-endocrine and Endocrine 
Systems and the Resultant Effects on Milk Secretion. 
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which in turn may stimulate milk production. Since, in the 
ewe, it has been suggested that maximum lactational 
performance is not achieved when only one lamb is being 
nursed, a cold-exposed ewe nursing a single lamb may have 
the genetic potential to increase milk production in 
response to an increased appetite drive of the lamb. 

The principal purpose of the experiments presented in 
the following chapters was to investigate the effect of a 
cold environment on the lactating ewe nursing a single lamb. 
In addition to examining the lactational performance of the 
ewe, Other factors such as energy and endocrine balance, 
feed digestibility, substrate availability and mammary blood 
flow were considered because of their influence on the 
process of milk formation. As well, the digestibility and 
nitrogen retention of a concentrate diet fed to the lambs 
after weaning were examined to determine if similar 
digestive responses to cold occur in young growing lambs as 
in mature sheep. Finally, the morphology of young growing 
lambs housed in a cold or thermoneutral environment were 
compared to investigate the possibility of a cold-induced 
adaptation inegrowenawhich mayebesot benelie touthe thermal 


balance of the cold-exposed lamb. 
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LhyrSection el 
The Effects of Prolonged Cold Exposure During Lactation on 
the Feed Digestion, Endocrine Balance, Milk Production and 


Milk Composition of the Ewe 


A. Abstract 

The lactational performances of ewes chronically 
exposed tomagithermoneutral €62141) 2G) horkcold,(021,5°¢) 
environment were compared in two experiments. Evidence of 
GColegseresstincbudedta depress nonginateedrdugestibili ty 
(P<0.05), and an immediate increase in heat production 
(P<0.05) and plasma concentrations of noradrenaline 
(P20505), adrenaline (P>0.10) and glucose (P<0.10). 
Acclimation to a low temperature was reflected by a further 
rise in heat production (P<0.05) and plasma T; and T, levels 
(P<0.05), but a gradual reduction of plasma noradrenaline 
(P<0.05) and adrenaline (P>0.10) concentrations. Plasma 
insulin levels were not affected by thermal treatment. Cold 
posure tended to result in an increase in percent milk fat 
and protein, however lactose concentration remained 
unchanged. Milk obtained from the cold-exposed ewes was 
characterized by a relative decrease in short chain fatty 
acid secretion (P<0.01). Although milk composition was 
affected by cold stress, daily milk production was not 
SIqmeticaichysaleered, As an consequence, «rolalmenerqyaicst 
in the milk tended to be slightly higher for the 


cold-stressed ewes. The increased energy lost as heat and in 
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the milk during cold exposure resulted in a net energy 
deficit throughout most of the experimental period. 
Prolonged cold dxbostite (8 wk) did not affect 
gastrointestinal tract, lung or kidney weights (P>0.10), 
although mammary gland weight, expressed per unit of body 
weight, was reduced (P<0.05). Adrenal gland weight was 
Significantly greater in the cold-exposed ewes (P<0.05) and 
thyroid gland weight also tended to be higher as a result of 
cold exposure (P>0.10). Efficiency of milk secretion 
calculated in terms of g milk/g mammary or secretory tissue 
and mammary blood flow:milk yield reflected an increase in 
milk production efficiency as a result of prolonged cold 


exposure. 
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B. Introduction 

At ambient temperatures below the lower limit of the 
thermoneutral zone, sheep lose more energy to the 
environment (Graham et al. 1959) and frequently, digestion 
is impaired (Christopherson 1976; Kennedy et al. 1976,1982; 
Westra and Christopherson 1976); consequently, if the energy 
intake of a lactating ewe is fixed during cold exposure, 
less energy 1s available to meet the maintenance and 
lactational demands of the animal. Potentially then, the 
quantity and nature of the nutrients secreted in the milk 
and available to the suckling young may be affected. Cold 
exposure may also directly limit the synthetic capacity of 
the mammary gland by depressing the rate of mammary 
metabolism, as suggested by Johnson (1976), or may act 
indirectly, by affecting the udder's blood supply (Thompson 
and Thomson 19777 Thomson et, al..1979: Thompson 1980). As 
weliysechanges’ infendocrine metabolism induced by cold 
exposure (see reviews by Gale 1973; Thompson 1977; Alexander 
1979) might significantly alter the metabolism of the 
mammary gland (Faulkner et al. 1980; Robertshaw 1961). These 
developments could serve to further limit the milk producing 
Gapdeiey or ene scold=stmessed ewe: 

On the other hand, plasma concentrations of metabolites 
that can serve as mammary substrates, such as glucose 
(Alexander et al. 1968; McKay et al. 1974), free fatty acids 
(Alexander et al. 1968; Thompson et al. 1975) and glycerol 


(Thompson et al. 1975), rise when sheep are exposed to a 
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cold environment. These metabolites are used as fuel by 
shivering muscle (Bell et al. 1975; Bell and Thompson 1979) 
but a change in their plasma concentrations may also affect 
the quantity and nature of the substrates taken up by the 
mammary gland (Clarke et al. 1976; Thomson et al. 1979; 
Faulkner et al. 1980). Cold stress may also induce an 
increased appetite drive in the young suckling lambs, as has 
been shown to occur in cold-stressed mature sheep 

(Baile and Forbes 1974). Increased suckling by the lambs may 
in turn stimulate mammary metabolism. The net effect of 
these many factors on the milk production of the 
cold-stressed lactating ewe is difficult to predict. 

The present experiments were designed to examine the 
influence of prolonged cold exposure during lactation on the 
digestive responses, metabolic rate, plasma concentrations 
of hormones and of glucose, and milk production and 


composition of the ewe. 


| > 
—ae | 
‘ es a) 
ca Laut ae Beas 


| a 
ac Nat Angra Eee gery eT 
’ : faaris dels yon gndidies ASonos emp sly E643: wt 


pdt) git rede’ wetes tatire Os: *> s3yUasit 506 


- - 
OQ) ,ie $e: nem@er? yere! .is'32 5a pris bere fe ye Men 
: 2 ae 7 
ve soufnt-qute “da zaett2 Ofc, , (08° -la 2a eee. 
— 7 
} > ape ,- 
od ine ties? vail Guy prese ede ert sh se seen Seesaton 


quate eanem bsacsria-fio> ei Wao seus pwerte am a 


. 


. 
. ro, efvel sii on cpaigaeae ban ae crt... bee red s09 ae #ii t 


20746 248 effT ce Todciam y7Snnar 3: Lomi ed it 


Ue 
ate a = » e - 
. i- 
eae. De bestipig malin act so 2 ,s72e8 Yaa saens 
7 = 
7 . | _ 
aes ot. 2iperkelib 2: see on2ens3e: 42eeree-bies 
543. #h2aees we Beppimab’ aise cansnizsque Jaseetg ene 
ad _ 
ait nm eaiseioel gntabh Sime alex , 4ornayl 
oc» gc - = = awe fe 
atic tee IAS. Vs Meche 4 - * 5 «tz Chee : oye taagé 7 
Foe motpodboerg iit 295 ‘oie Ye OF 


7 esromseiy’e 


i eee a 


C. Materials and Methods 
Experiment I 

Animals 

Five months prior to the start of the experiment 
estrus was synchronized using a hormone treatment 
(progesterone impregnated vaginal sponge, 500 iu PMSG 
injection) Singa Group of 16 Suffolk-=cross 2 year-old 
ewes. Seven to 10 days pre-partum the ewes were 
unter OducedstOsLne experimental ration, consisting sola 
pelleted 75% barley-25% alfalfa meal mixture (Table 
II.1). One to 3 days post-partum, 8 ewes, 4 nursing 
Single and 4 nursing twin lambs, were selected; ewes 
nursing two offspring were reduced to a single lamb at 
this time. According to bodyweight and sex of lamb, type 
of birth (single, twin) and ewe bodyweight, the ewes 
were assigned for an 8 wk period to one of two balanced 
treatment groups: 

1. Control (CON): housed at a thermoneutral temperature 

C2 tees) e 
2. Cold-Exposed (CE): housed at a temperature of 

Oss: 

Fach ewe-lamb pair was confined to a 1.2x1.2 m 
metabolic crate within a continuously-lit animal room or 
temperature-controlled chamber, initially maintained at 
eo G sDuLingeas-7 daysadaptation —penvod athesaniumads 
were accustomed to the experimental procedures and 


equipment. Additionally, the ewes received intramuscular 
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Table II.1 Diet Composition, Experiment I 


Ingredient: | % as fed 
Rolled Barley Sisk 
Alfalfa Meal 24.0 
Cobalt-Iodized Salt — 10 
Dicalcium Phosphate Wend) 


Vitamin ADE Premix 10 


injections (mg) of retinol 75, cholecalciferol 0.94 and 
a-tocopherol 16 and were shorn to a fleece depth of 
approximarely 1 cm. To maintain a relatively constant 
level of insulation, the ewes were reshorn at 2 wk 
intervals. During the adaptation and experimental 
periods, feed was offered twice daily to each ewe 
(0800 & 1600 h) at a level to maintain bodyweight. Based 
on weekly weight measurements, it was necessary to feed 
tne CON -cwes ausam evel of 100 qvukg.® = day = while the 
CE ewes received 112 Gakg.° "A day *. Freefaccess, to 
water and cobalt-iodized salt was also provided. 
Measurements 

A summary of the manipulations made during this 
experiment is presented in Figure II1.1. 
Heat Production 

The heat production of the ewes was monitored 
during wk 1, 4 and 7 of the experimental period, 
SOrrespondingerespectively to wk 2, 5 and=8 of 
lactation. The first set of measurements were performed 
after the CE ewes had been exposed for 24 h to 0 °C. 
Estimation of heat production was based on the 
measurements of respired gas, VO, and VCO.,, over a 24 h 
period USing) an open CcCircult respiratory pattern 
aialyeers (Young vee al. 1975) "conmected 0 saetespira LOny 
hood (75x70x45 cm), through which air was drawn at a 
ratemot 7004 75 immin %, corrected Lor sstandard 


temperature and pressure. This apparatus allowed normal 
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Figure II.1 Sequence of Animal Manipulations and Measurements, Experiment I. 
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access of the ewe to feed and water but did not restrict 
lying, standing or nursing activities. Through a system 
of valves that automatically alternated the source of 
respired gas being analyzed every 15 min, two animals 
could be simultaneously monitored over each 24 h period. 
Milk Production and Composition 

Milk production was initially measured at the end 
of the adaptation period (X= day 11 Of Wactaticn) =epmioc 
to reducing the temperature in the two chambers housing 
the CE ewes to 0 °C. Additional measurements were 
performed once weekly from wk 3 - 8 of lactation. 

Milk yield was determined using an 
oxytocin-handmilking procedure. Between 0800 and 0900 h 
on the day of collection each lamb was confined to a 
wire cage within its dam's pen. This procedure had been 
previously tested with the animals and was determined to 
be the optimum method of separation to minimize the 
degree of stress experienced by both the ewe and lamb. 
Milk was collected by injecting 5 USP oxytocin IM and 
rapidly handmilking both halves of the udder. After milk 
flowahadeceasecs aneaddi tichabe2I50USP oxytoemnewas 
given IM and any residual milk stripped from the udder. 
The omilksobtained from thissefirstrcolléction was 
drsearded. eThegoxytocin-handmilkingeprocedure was 
repeated -2a5ehplater sandethe icol bected milk@weighed to 
the nearest 0.1 9. Daily milk yield was estimated by 


multiplying the 2.5 h level of milk production by a 
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factor of 9.6. Subsamples of the collected milk were 
immediately strained through cheesecloth, placed in 
sample vials containing potassium dichromate as a 
preservative and stored at 4 °C. Subsequently, percent 
fat, protein and lactose of each milk sample was 
determined in duplicate using infrared analysis (AOAC 
f280)% 
Milk Energy Value 

One the basiseofemidk yield and composition, the 
gross energy value of the milk was calculated according 
to the formula used by Kleiber (1975). 

Experiment II 

Animals 

Ten yearling Suffolk-cross ewes nursing single 
lambs were selected shortly after parturition 
(X= 12 days) and assigned to one of two treatment 
groups, according to maternal bodyweight and sex of 
lamb. Ewes allotted to the control treatment group (CON) 
were housed within 1 of 2 temperature-controlled 
ehambersamarntained at’ 2itie"Gafor b6 dayseAwkee couelor 
lactation) while the cold-exposed ewes (CE) were kept 
for the same period of time within 1 of 2 chambers 
maintained at an ambient temperature of O+1 °C. Both 
treatment groups were subjected to continuous lighting. 
Each ewe-lamb pair was confined to a 0.9x1.8 m pen 
bedded with wood shavings. For periods of sample 


collection, a neck chain was used to tether the ewe; 
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during the remainder of the experimental period, 
movement within the pen was not restricted. A ration of 
PIe nO reQ barleyeand 255% alfalta pelletcewasi fed to 
each ewe in two equal allotments (0800 & 1600 h) ata 
Heve iiss) kG. day“. Free access touwaterrana 
cobalt-iodized salt was also provided. Bodyweight 
changes were monitored by weekly weighings. 

At the beginning of the trial the ewes were treated 
for internal and external parasites and received 
(fede sine: injections (mg) “of retinol 75, 
cholecalciferol 0.94 and a-tocopherol 16. To ensure a 
relatively constant fleece depth of approximately 1 cm, 
the ewes were shorn at the beginning of the experiment 
and thereafter at 2 wk intervals. 

Measurements 

A summary of the manipulations made during this 
experiment is presented in Figure I1.2. 
Digestibility 

During wk 7 of the experiment a digestibility 
marker, Gysprosium (Dy), was added to the barley portion 
of the ration at the level of 20 ppm (elemental Dy). The 
Mauker sinmrheetorm of DyCl,.6H,O, was tnrttally «ground 
and mixed with an equivalent weight of finely ground 
barley, thoroughly mixed with 500 g of finely ground 
barley and then mixed with successive 5 kg increments of 
rolled barley until the final concentration was 


achieved. After an equilibration period of 3 days, 
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Figure II.2 Sequence of Animal Manipulations and Measurements, Experiment II. 
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during which the Dy-barley mixture was fed, 3 fecal grab 
Samples were collected from each ewe over a 24 h period 
(0800, 1600, 2400 h). Samples of feed and feces were 
dried in a forced air oven at 65 °C to determine dry 
matter content. Other subsamples were freeze-dried and 
finely sground Sforitneutron ‘activation tanakysiss Duplicate 
samples consisting of approximately 1 g ground feces or 
4 g ground barley were accurately weighed into 1.5 cm? 
polyethylene vials, activated by neutron bombardment in 
the University of Alberta SLOWPOKE facility and analyzed 
by y-ray spectroscopy for '**mDy content. Dry matter 
(DM) digestibility of the entire ration was estimated 


accord: ngltosthetrollowung formulas 


DM dig % = 100-[ 100x(ZDy in feed )x(%DM in feces) ] 
(yDyoinuteces)  (sDMeaneteed 

Blood Samples 

. Blood samples were collected from each ewe once 
weekly from wk 2 - 7 of the experiment (wk 4 - 9 of 
lactation) for analysis of plasma concentrations of 
noradrenaline (NA), adrenaline (A), insulin; 
Badredothyronine (1,), thyroxine (Ts) sandeqiucose sPrior 
to (12-16h) Ssample collectionva*pollyethylenescatheter 
was established in each ewe. The catheter was inserted 
through a 14G thinwall needle into a jugular vein and 
advanced approximately 10 cm before being fixed in 
position with an external skin suture. Between 0500 and 


0600 h on the sampling day polyethylene extensions were 
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attached to the jugular catheters and passed through 
portholes in the chamber walls. The animals were left 
undisturbed for the remainder of the sampling day except 
for feeding and occasional catheter adjustment. These 
procedures were used to minimize the degree of 
experimental stress experienced by the animals. 

Blood samples were collected from outside of the 
chamber 1 h prior to and 1 h following each feeding 
CO700 mO900PeNS00FEI7OORh) seAteeach sampling! periodra 
20 ml aliquot of blood was collected into a plastic 
syringe containing 0.2 ml sodium heparin 
1000eUSPeuni tSumdy —Leridaterfanalysis, offinsutin, age, 
T, and glucose. Additionally, a 5 ml blood sample was 
collected into a plastic syringe containing 100 ul 
glutathione/EGTA, as described by Pueler and Johnson 
(1977), for subsequent analysis of NA and A. The 
collected blood was placed into pre-chilled plastic test 
tubes and immediately centrifuged at 13000 g for 8 min 
at 4 °C. The separated plasma was subdivided into small 
plastaclsamplegvials and storedtat =-408°Cepriorets 
analysis. 

Plasmamsamplespcollectedaduningewkacmmonandnd ot 
the experiment were assayed for insulin using a ‘?°*I 
insulin radioimmunoassay kit (Ammersham, Arlington 
Heights, Illinois) and for catecholamines (NA, A) using 
the radioenzymatic assay technique of Pueler and Johnson 


(1977), with some minor modifications as described by 
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Graham et al. (1981). Insulin concentrations determined 
for the sampling periods prior to and following the 
afternoon feeding (1500, 1700 /h) were used*totcalculate 
an average plasma insulin concentration for each animal. 
Plasma NA and A concentrations for each animal were 
based on the analysis of plasma collected prior to the 
afternoon feeding (1500 h). 

Plasma samples collected from wk 2 - 7 of the 
experiment were analyzed for levels of circulating T, 
ater o ral (freetbound) sTeiisingmal 1 74iaT3 
radioimmunoassay kit and thyroxine coat-a-count kit, 
respectively (Inter-Medico, Willowdale, Ontario), and 
for glucose, using an automated neocuproine method as 
described by Bittner and Manning (1966). Individual mean 
plasma concentrations of T;, T, and glucose were 
estimated for each collection day by averaging the 
resuits obtained from all 4 sampling periods 
(Og0brveo0te Boe0yed706 hy. 

Milk Production and Composition 

Milk production was estimated once weekly during 
wk 4 - 8 of lactation using a weigh-suckle-weigh 
technique. At 0700 h on the day of measurement the lamb 
was separated from the ewe by placing 1teinean wane (cage 
within its dam's pen. At 0800 h the lamb was permitted 
to suckle and any milk remaining in the udder was 
Stripped by hand. The lamb was then replaced in the cage 


and allowed to suckle at 3 h intervals over a total 
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period-of—24 h~(Figure li.3). The quantity~-of—milk 
produced at each suckling period was determined by 
weighing the lamb to the nearest gram immediately prior 
to and following nursing, the difference in weight being 
takenwas the weight of milk consumed. Any feces soruurine 
voided by the lamb during the suckling period were also 
collected and weighed. Daily milk production was 
estimated by totalling the results from the 8 separate 
suckling periods. Additionally, 24 h following the 
determination of milk yield, a milk sample was collected 
for analysis. By separating the ewe and lamb, milk was 
allowed to accumulate in the mammary gland over a 3 h 
period and was collected by injecting 5 USP oxytocin IV 
(jugular vein) and rapidly handmilking both halves of 
the udder. The milk samples were strained through 
cheesecloth to remove any debris. Subsamples were placed 
in vials containing potassium dichromate as a 
preservative and stored at 4 °C for 24 - 48 h prior to 
analysis in duplicate for fat, protein and lactose using 
infrared analysis (AOAC 1980). Separate duplicate 10 ml 
subsamples were freeze-dried to determine the total 
solids content of the milk or frozen and kept at -40 °C 
forslatemeanalysis of milk fatty acid composterom. 
Milk Fatty Acid Composition 

Samples of milk fat for determination of fatty acid 
composition were extracted according to the method of 


Roese-Gottlieb (AOAC 1980). Following the mixture of 
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Figure II.3_ Procedure for the Determination of Daily Milk Production 
Using the Weigh-Suckle-Weigh Technique. 


Procedure 


Lamb placed in wire cage 


Lamb allowed to suckle and udder stripped bare by hand 
Lamb replaced in cage 


Lamb weighed to nearest gram, 
allowed to suckle and reweighed 
before being replaced in cage. 


3 h milk production: 


[post-suckling wt. + (urine & feces voided during suckling)] — pre-suckling wt. 


8 
Total milk production (24 h) = x 3 h milk production. 
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10 ml of milk with 1.25 ml concentrated NH,OH and 50 ml 
ofta 40:40: 20D(viv2v) solution oftdiethyy ether, 
petroleum ether and ethanol in a separatory funnel, the 
ether layer was transferred to a 150x20 mm screw cap 
culture tube. Methyl esters of the fatty acids were 
prepared as described by Morrison and Smith (1964). 
After removing the solvent under nitrogen in a warm 
water bath, 15 ml of a 35:20:45 BF,:pentane:methanol 
mixture was added to the tubevandPheatedsineaeborling 
water bath for 30 min. Equal proportions (v:v) of hexane 
and water were then added to the tube, thoroughly mixed 
and the hexane layer removed. The hexane solution of 
methyl esters was injected directly onto a Varian Model 
3700 gas chromatograph fitted with a flame ionization 
detector and analyses carried out using quadrex gas 
Captifaryteolumns (60 mrxeOr25 "mm PD) Scoated with 
Silar 10C. Column temperature was held at 100 °C for 6 
min, then programmed to rise at a rate of 12 °C/min to a 
final temperature of 198 °C, which was maintained for 
Z20amin® biyeetoreand¥detector temperaturessweretkeprwat 
250 °C. The peak areas of the separated fatty acids were 
measured using a Hewlett-Packard 3353 Data System and 
identification of the peaks was made on the basis of 
retention time and comparison with known methyl esters. 
The twelve largest fatty acid peaks were chosen for 
measurement and these represented greater than 90 % of 
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Milk Energy 
AS in Experiment 1, the gross energy value of the 

milk was estimated according to the formula used by 

Kleiber (1975). 

Organ Weights 

After injecting radionuclide labelled microspheres 

during wk 8 of the experiment to determine mammary blood 

flow (Chapter III), the ewes were stunned and bled to 

death. The digestive tract was removed, separated into 

its ae parts and washed clean before being weighed. 

Additionally, the weights of the lungs, kidneys, mammary 

gland, thyroid and adrenal glands were determined for 

each animal. 
Statistical Analysis 

The results of Experiment I and II were analyzed 
separately. Treatment differences for each sampling period 
were compared using the Students t-test (Steel and Torrie 
FOSONeeWrthanka treatment group, data collected from Several 
sampling periods were analyzed using Least Squares Analysis 
of Variance and where significant differences existed, means 
were compared using the Student-Newman-Keuls test of mean 


differences (Steel and Torrie 1980). 
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D. Results 

Experiment I 

Bodyweight 

Mean bodyweight of both the CON and CE groups 
remained fairly constant throughout the experiment 
GETQure) 1ae4\) = 
Heat Production 

On the basis of heat production, the ewes housed in 
the cold were kept at a temperature below their 
Pretncneuroe | zone; heat production measured after 24 h, 
4 wk and 7 wk of cold exposure respectively, was 
Ue ee kot ekOe eee PO, U5) 0, 92a koal kg at tm CP aon) 
andg1.27 kealSkqa'<h “ %P<0.001). higher=in™the CE ewes 
compared to the control animals (Table 11.2). While the 
heat production of the CON ewes did not vary over the 
Gougse of acracivon (P0010) ;) heat -producttonvin) Lhe ck 
ewes -rose (P<0.05) with increasing duration of the 
experiment. 
Milk Production 

Milk production (g/day) results are shown in Table 
Dieeeandshrgure 11.5. Milk yield, measuredwaNring ihe 
pre-treatment period was similar for both treatment 
groups. The development of mastitis in 2 CE ewes and 1 
CON ewe near the end of the trial reduced the number of 
animals available for analysis of milk production. Milk 
yield did not differ between groups (P>0.10) except for 


wk 5 of lactation when milk production tended to be 
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Figure II.4 Change in Bodyweight of the Control (e——e) and 
Cold-Exposed (o——~—o) Ewes, Experiment I. 
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TaDle sli, 27 HeateProduction.of she Control sand Cold-Exposed 
Ewes, Experiment I 


Heat Production' 
Kea lec ito) 


Stage of Lactation, Duration of -Cold CON? (4) CE (4) 
(wk) Exposure (days) 
2 1 2.12+0.10* 2.54+0.12a 
5 el 2ul620. 0744003 SOS 50, L6D 
8 41 Zi Ot Oe al Os oO BO, DOG 
X= Jae O05 BUG SO. A 


' values represent mean+tSEM. 
2 number of animals/treatment in parentheses. 


a,b,c means within a column followed by a different letter 
are significantly different (P<0.05). 


* treatment means are significantly different (P<0.05). 
*xtreatment means are significantly different (P<0.01). 


+ treatment means are significantly different (P<0.001). 
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Table II.3 Daily Milk Production of the Control anda 


Cold-Exposed Ewes, Experiment I 


_eReeeeeeeeeeeeee SC ee ee 


Milk Production (g/day) ' 


CE (4) 


Stage of Lactation CON (4)? 
2(pretreatment ) 1661262 17 8h 
3 158529269. 

4 POV ts: 

5 1199 4 teeo27, 

6 1441.0+148. 

7 253) iSO 

8 NERS) Aes (SS 

Overall Mean iS OUms tao 


‘ values represent mean+SEM. 


2 number of animals/treatment in parentheses. 
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> value represents mean+SEM of 3 animals. 


‘ value represents mean+SEM of 2 animals. 
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* treatment means are significantly different (P<0.05). 
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Milk Production (g/day) 
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Figure II.5 Daily Milk Production of the Control (e——e ) and 
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depressed in the CE ewes (P<0.06) and during wk 8 of 
lactation when milk yield measured in 2 CE ewes was 

lower (P<0.05) than that measured in 3 CON animals. 

Milk Composition 

Analysis of the composition of milk revealed a 
tendency towards increased milk fat concentration in the 
cold-exposed ewes (Table 11.4). Milk fat concentration 
tended to increase in both groups of animals over the 
course of lactation, although the trend was more 
Peorouncee in the cold-exposed ewes. 

Despite a Slightly lower pre-treatment 
concentration of milk protein in the CE ewes (P<0.10), 
protein concentration meaSured during the treatment 
period was similar for both groups of animals. 

The lactose concentration of milk peaked at 
mid-lactation and thereafter declined in both treatment 
groups however treatment differences in percent milk 
lactose were not apparent (P>0.05). 

Milk Energy Value 

Since total daily milk fat secretion’ was increased 
while protein and lactose secretions were maintained 
during cold exposure, the energy output in milk was 
Similar for both treatment groups but occasionally was 
slightly higher ( wk 3 of lactation P<0.05; wk 7 of 


Tactation P<0.10) in the CE fanimals: (Table 11.5). 
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Experiment II 

Bodyweight 

As in Experiment I, the a bodyweight of both 
treatment groups remained relatively constant throughout 
the experiment (Figure II.6). 

Digestibility 

Based on measurements performed during the ninth 
week of lactation, after 7 wk of differential 
temperature treatment, ration DM digestibility averaged 
B8.240.62 Reinet he CON animals but vonly 164.421.4754 
(P<0.05) in the CE ewes. 

Blood Samples 

Hormone profiles of the animals are presented in 
Table I1.6. Plasma concentration of NA was consistently 
higher in the CE ewes but showed a tendency to decrease 
over the period of cold exposure (P<0.05). NA 
concentration measured during the third and seventh 
weeks of the experiment was Significantly higher in the 
CE group (P<0.05), although a treatment difference was 
not observed during the fifth week of the trial 
(P>0.10). 

Plasma concentration of A also tended to be 
elevated during the third and seventh weeks of the 
experiment in the CE ewes, although the mean level 
measured at wk 5 of the experiment was inexplicably 
lower than that measured in the CON animals. None of the 


treatment differences observed over the experimental 
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Figure II.6 Change in Bodyweight of the Control (e——) and 
Cold-Exposed (o—-——o ) Ewes, Experiment II. 
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period were statistically significant (P>0.10). 

Insulin concentration in plasma was similar in both 
treatment groups but tended to be lowest during 
mid-lactation. 

Pewvlastas eveis rose during the periodecteceld 
exposure and were significantly higher than in the 
Gontrol groupratter 3 wk of treatment. (P<0.05), 7. 
concentration measured in the CON ewes was relatively 
Staplemovern thencourse or lactation. In contrast =placma 
T, concentration tended to be lower in the CE group 
during the first 2 wk of cold exposure but rose and 
remained elevated during the remainder of the 
experimental period (P<0.05). Plasma T, concentration 
MeasuredvaltersGawk Of cold exposures tendeds tombe nigner 
inthe Cheewes ((P<0210), although initial plasmaal:, 
levels were slightly lower (P<0.10) in the cold-exposed 
animals. 

Concentration of glucose in the plasma was 
consistently greater in the CE ewes but was 
Significantly higher (P<0.05) only during wk 4 of 
lactation, 

Milk Production 

Milk production (g/day) results are shown in Table 
liey and Figure 11.7. The milk pmoduction of both 
treatment groups in Experiment II was markedly lower 
than during Experiment 1. Development of hypothermia in 


1 CE ewe during wk 4 of lactation resulted in the 
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Table II.7 Daily Miik Production of the Control and 
Cold-Exposed Ewes, Experiment II 


Milk Production (g/day) ' 


Stage of Lactation (wk) CON A ( 52 CE (5) 
4 1320 TOUR TVGe Ot OU sa] 
2 Gili 1c50 tae cal, 5 6 0209. 6 
6 656,62) 9477 COie Ota OSea7 
7: 662.4+102.0 630622 1207.5 
8 604.8+104.1 635.000 evo 
Overall Mean 670 77 tes GD 616.3+ 46.6 


' values represent mean+SEM. 
2 number of animals/treatment in parentheses. 


> value represents meant+SEM of 4 animals. 
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Figure II.7 Daily Milk Production of the Control (e——e) and 
Cold-Exposed (o———o ) Ewes, Experiment II. 
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removal of the ewe from the experiment for a 24 h 
period; consequently, mean milk production during this 
one period reflects the results obtained from 4 CE and 5 
CON ewes. Although milk production tended to be slightly 
lower in the CE ewes, the effect of temperature was not 
Sugnificant. 

Milk Composition 

Percentage milk fat tended to be elevated in the CE 
Group (wk 57 P<0 710; Ewk 7 P<0.08) (Table 1178) ands rose 
Slightly in both groups of animals over the course of 
Pacration. 

Mi tke prGteisconcentration also tendedstcoebe 
elevated in the cold-exposed animals and was 
Sugmibicantlyegqreater (P<0.05) during wk v7 of lactation, 
after 5 wk of cold exposure. 

Except for a tendency of increased milk lactose 
concentration during the first week of measurement 
(after 2 wk cold exposure) treatment differences in 
percent milk lactose were not apparent (P>0.10). 

Milk Fatty Acid Composition 

From the analysis of the fatty acid composition of 
Milk fate (table 11.9) it 1s evedent.s that -coldustress 
resulted in changes in mammary fatty acid metabolism. 
Statistical analysis failed to reveal any change in 
fattyeac ta composition gover time stor gei ther treatment 
group (P>0.05), therefore, the results from 5 wk of 


sample collection have been pooled. In the CON and CE 
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Tablerm hir.9 Fatty Acid Composition of the Milk Obtained 
From the Control and Cold-Exposed Ewes, 
Experiment II' 


Percent of Total Milk 
Fatty Acids 


Fatty Acid: CON CE P Level 
C4:0 eG AS EA Ohrg a HO Ve s420065 P0700 
Ce:0 ZS t Ome OS 1.99+407094 P<072.01 
C20; 3.14+0.240 2.40+0.145 P<0.01 
Gio 20 Sits cheatl) les 2.9120. 504 P<07.05 
rez 0 55 50+0..473 2.26205 32 P<0.05 
C14:0 10508205 398 8.42+0.479 P<0.05 
Go. ED EADS Ue YM eye 26. 1020.09 
Gorse Ze 22 Oni ilo De O22 Ur Ue 
Ces 0 GRott0.d23 11.244075452 P<0 5.06 
C18:1(trans) 322720, 426 See POMS a5 
C18:i(cis) 22.82+1.521 26.48+1.409 P<0.10 
CaGiss2 4,19+0.244 4.53320 23d 

short chain fatty Syed Sts) Tia PS Sh PAS Ei CN «3, 0K) P<0.01 

acids (<16C) 

longechnain fatty 6Vialstiocs T3529 et Oo P<0.02 


acids (216C) 


LL 


' values represent mean+SEM of data collected from 
S animals/treatment over 5 weeks of lactation. 
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ewece respective yy, sshortuchain fatty acids (leccmtnan 
Per Ceimelengu) sformed 32.9) % and 26.60% or themtotal 
milk fatty acids (P<0.01) whereas the proportion of long 
chain fatty acids (greater than or equal to 16 C in 
length) was respectively, 67.1 % and 73.3 % (P<0.02). 
Alterations in fatty acid compostion reflected lower 
Dercentadeswot Csr Car0rCos0 (P2020 1)) 9Cll 0 eG 0 
and C14:05(P<0.05) fatty acids butehigher proportions cr 
Cie .O PC. 06) Pande is: 1 (cis) (P-061 0) fatty acidosan 
the milk collected from the CE ewes. 
Milk Energy Value 

Since the cold temperature treatment employed in 
this experiment had little effect on milk production or 
composition, the energy content of the milk was 
calculated to be similar for both treatment groups 
(Tabbe I1.1p). 
Organ’ Weights 

Measurements of organ weights revealed few 
treatment effects (Table II.11) although the weight of 
the mammary gland, expressed in terms of g/kg BW, was 
reduced (P<0.05) and the weight of the adrenal glands 
relative to bodyweight was increased by 25.8 % (P<0.05) 
as a result of cold exposure. 
Efficiency of Milk Production 

From a compilation of results presented in this and 
in the following chapter, the efficiency of milk 


production was estimated (Table Tie 12). eWhilestotan 
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Table II.11 Organ Weights of the Control and Cold-Exposed 
Lactating Ewes, Experiment II' 


ee 


Organ Weight (g/kg BW) CON Fo) CEeC5) 


i 


Digestive Tract: 


Reticulum 4, 58+t0),78 4,.03+0.14 
Rumen 232 3,02\8..611 24m 1922. 67 
Omasum Sipe) teal ecW DO 2EOIAZ © 
Abomasum 6.8940.59 6.7740.42 
Duodenum Oi tO 20 0. 3420205 
Jejunum & Ileum 16.922 1574 16.3322 ,.06 
Cecum dee St OF. L0 (Peo GLO 24 
Colon Loa 2ot 1.00 Sey Oceans), 
Lungs a Athans NG TAS) Dige3t0268 
Kidneys S.OSt0 a 2U 361.520 sel 
Mammary Gland 14. 72207. 74 Opto 1 t3i2.73 3% 


Endocrine Glands: 
Thyroid Orit 22050 2.1 OR ot ceed 


Adrenals 0. U2Z0f0 2004 Oe ORO Ise 


' values represent mean+tSEM. 
2 number of animals/treatment in parentheses. 


* treatment means are significantly different (P<0.05). 
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mammary blood flow and mammary and secretory tissue 
weights, measured during the tenth week of lactation, 
tended to be reduced as a result of ened Cold 
exposure, milk production, assessed during the eighth 
week of lactation, was slightly greater in the CE ewes. 
Efficiency of milk production expressed as 

g milk/g mammary tissue, g milk/g secretory tissue and 
blood flow:milk yield respectively, was calculated to be 
NH22 Bees Stand 1664 20 stir lehetCON tewes tand ll s5onta.45 and 
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E. Discussion 

Heat Production 

Throughout lactation, Degen and Young (1982) determined 
that thermoneutral heat production (Hp) in the ewe ranged 
Pron. 28° LO ze | 9ekcaiekgs; hit Sepeakiwaltest opcuringbat. wk 
(Aeee OCLlellactativom Whebheat. producti onidatartior themconerol 
ewes in the present experiment (Experiment I) closely agrees 
with Degen and Young's (1982) results. Although the trend 
was not statistically significant, the metabolic rate of the 
ewes housed at a neutral temperature tended to rise from an 
Lip ad t velkuet o fairs Zak call dik ge kwh siritomallev els ori, 30 
Kealn koh. hes J sat tere /eweeks. ofd lactation... The risesan 
metabolic rate over the experimental period however, was not 
mirrored by a similar increase in milk production. 

Since lactation in the ewe induces a 50 - 62 % increase 
in metabolic rate (Degen and Young 1982), the lower critical 
temperature of the lactating ewe would be below that of a 
non-pregnant-non-lactating animal. Thompson (1980) reported 
that the exposure of non-lactating ewes to 0 °C elicited a 
Z5eveinecrease Gnumetabol icferate, confirming thatecs cous 
belowsthe lowerycritical temperature of a Shorn ewe at 
maintenance. From the current experiment however, it appears 
that an ambient temperature of 0 °C was also below the lower 
critical temperature of the lactating ewes examined; 
metabolic rate of the ewes exposed to 0 °C for 24 h was 
elevated by 20 % over the control value, indicating that the 


ewes were required to increase their heat production above 
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that normally associated with lactation in order to maintain 
a state of homeothermy. Part of the increase in Hp observed 
in the CE ewes is also due to their higher feed consumption 
and associated heat increment of feeding. According to 
Kleiber's (1975) estimates, the heat increment due to the 
extra feed consumed by the CE ewes in the present experiment 
would only account for an increase in Hp of 0.039 
kKealkq 22h = Sffontlesstthan #2 evcof thetitoral’ Hpdofatheaeon 
lactating animals. 

As the length of cold exposure increased, Hp measured 
after 21 and 41 days of cold exposure, respectively, was 
(Ast, tand 155 °% vofuthe control walues: The*rise *inimetabolic 
rate of the chronically cold-stressed ewes presumably is 
evidence of the development of metabolic acclimation, 
Similar to the process that occurs in sheep exposed to 
winter conditions (Webster et al. 1969). As well, body fat 
in the CE-ewes may have been increasingly lost over the 
course of the experiment, resulting in less insulation anda 
Greater susceptibility to cold. This possibility was not 
directly examined in the present experiment and was not 
reflected by any change in bodyweight, although it is 
suggested by the changes in fatty acid composition of the 
mi. 

Net Energy Balance 

From the measurements of heat production and milk 

energy output, the total energy expenditure of the animals 


in Experiment I was estimated and compared to their 
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metabolizable energy intake, calculated from published 
estimates Of the Mh) value of barley and alfalfa pellets for 
sheep (NRC 197 5)\(tablemnir |S mrAlthoughethesdata collected 
during Experiment II would suggest that the DM digestibility 
of the barley-alfalfa diet fed in Experiment I would be 
reduced, and urinary energy loss has been reported to 
increase (Graham et al. 1959), methane energy losses are 
reduced as a reSult of cold exposure (Kennedy and Milligan 
1978). These factors complicate the prediction of the ME 
content ee a diet fed to cold-stressed animals, consequently 
the ME value of the diet was assumed to be equivalent for 
both treatment groups. On the basis of these assumptions, 
the calculated net energy balance of the ewes in Experiment 
I indicated a greater negative energy balance for the CE 
ewes, suggesting that the cold-stressed ewes must have 
relied on the mobilization of body stores to meet their 
maintenance and lactational requirements to a greater extent 
than the CON animals. 
Digestibility 

Apparent DM digestibility of the 
foevebarley-25 Yealtalfa ration fed couthes lactating ewecuin 
Experiment II was reduced by 0.19 digestibility units/°C. 
This reduction in digestibility agrees well with the 
reported depression in digestibility of .1-.3 units/°C for a 
roughage based diet fed to cold-stressed mature ruminants 
(seemNRGIioSiomandeton a 50) % concentrare dieu tedate 


cold-stressed calves and steers (Christopherson 1976). In 
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contrast, Young and Degen (1981) did not observe any effect 
of a cold environment on the digestibility of a 50 % 
concentrate-50 % pelleted hay diet fed to mature wethers nor 
did Kennedy et al. (1982) find any detrimental effect of low 
Lempéera ture lon@the ¢digestibulity tof ear 1100 8% Iconcentrate 
ration fed to mature wethers. The observed influence of cold 
exposure on the digestibility of a barley-based ration in 
lactating ewes may represent a combined 
environment-diet-physiological status interaction, however 
adv edcnal work 1S required to investigate this hypothesis. 
As well, the use of dysprosium as a digestibility marker in 
sheep needs to be validated by further research. 
Hormones 
Catecholamines 
When care has been taken to ensure that the animals 
are not stressed at the time of blood sampling, plasma 
levels of NA and A, respectively, in mature wethers 
housed at a thermoneutral temperature have been reported 
for bel 0s mand: 0208 mg/m! HGhristopnersonm teteeals.. O19 75)> 
0924 arid FOR 07) nol t(Thompsonwe b tala Webileand Ci2eeand 
0.04 ng/ml (Graham et al. 1981). Our values of NA and A 
in the non-stressed lactating ewe correspond well with 
these previous results. 
In the current experiment, three weeks of cold 
exposureresulted ima) 4.5-fold increase in plasma NA 
concentration and a 4.2-fold increase in plasma A 


concentration compared to control levels. Because of the 
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small number of animals and the large degree of 
individual variation, the increase observed in A 
concentrationgwas not statistically significant? As the 
duration of cold exposure increased, both A and NA 
levels in the cold-stressed animals fell; by the end of 
the experiment, plasma A levels were similar in both 
treatment groups, although NA concentration remained 
Significantly elevated in the cold-stressed animals. 

Intravenously infused A and NA have a thermogenic 
effect in sheep (Graham and Christopherson 1981) 
confirming that catecholamines likely play an important 
calorigenic role in the response of this species to cold 
stress. The effect of exogenous A seems to occur at 
physiological levels however supra-physiological levels 
of NA are required to elicit a response. Since NA is 
largely released at nerve endings rather than into the 
bloodstream it is uncertain that the establishment of 
effective concentrations of NA at tissue receptor sites 
by IV infusion can mimic the endogenous release of NA. 

Although greatly elevated levels of plasma A and NA 
have been reported in mature sheep during acute cold 
exposure! (Thompson fettal.e1978b) sandPaitent4 weeks of 
expasure Eo@2-5mec (Christophersonfethalieig7e07 tes 
possible that plasma catecholamine concentrations are 
not maintained at such a high level over a longer period 
of cold stress. In rats exposed to 5 °C for 4 weeks, 


Leduc (1961) observed an initial 5-fold increase in 
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urinary A excretion followed by a decline to near 
pre-exposure levels. Leduc’(1961) andeShumieteal. »(1969) 
have demonstrated an initial peak in urinary excretion 
of NA in cold-stressed rats during the first few weeks 
of treatment, after which a substantial decline occured. 
Bniecontrastyeohumeet alomto6o)fdrd not #iind ang 
reduction in urinary A excretion in the rat over 4 weeks 
of cold exposure nor did Graham et al. (1981) observe 
any decrease in plasma concentrations of A and NA in 
wethers continuously exposed to 8 - 9 °C for 44 days. 

A decrease in circulating levels or urinary 
excretion of catecholamines has been postulated to be 
involved in the process of metabolic acclimation to a 
chronic cold stress. Graham and Phillips (1981) have 
Shown that the hyperglycemic response to A in sheep is 
potentiated by prolonged cold exposure, as is the 
thermogenic effect of A (Graham and Christopherson 
1981). Similar changes in sensitivity to NA as a result 
of cold exposure apparently do not occur in sheep 
(Graham and Christopherson 1981; Graham and Phillips 
(981) -Matthough)daily NA injection’ ine@the@rat increases 
its *calorigenic effect (Leblanc and Pouliot 1964). It is 
possible then that the reduction in the level of plasma 
catecholamines, especially of A, during a prolonged 
period of cold exposure is associated with a 
sensitization of the lactating ewe to the effects of 


these hormones. 
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Insulin 

The effects of cold exposure on plasma levels of 
insulin in sheep have not been clearly defined. While 
Bassett and Alexander (1971) reported that plasma 
insulin concentration in lambs generally declined during 
acute cold exposure, Thompson et al. (1978a) did not 
find any effect of low temperature on portal vein levels 
of insulin in adult sheep measured from 4 min to 5h 
after feeding, although levels measured just prior to a 
meal vee elevated in the cold-exposed animals. 

During lactation, the shift in metabolism to 
Support milk production may alter the hormonal response 
to cold exposure. Faulkner et al. (1980) determined that 
lactating goats acutely exposed to a cold environment, 
tended to show elevated plasma levels of insulin during 
eeérrain iporfions#of the day bubtthat durmingsthe 
remainder of time, plasma inSulin concentration in the 
cold-stressed animals paralleled that in the control 
goats. In the present experiment the effect of chronic 
cold stress was not reflected by any change in plasma 
imsullin concentration in “the “lactating “ewe. 

Thyroid Hormones 

The importance of thyroid hormones@inwestablishing 
an optimum level of metabolism in many tissues has led 
to considerable investigation as to the role of the 
thyroid gland during periods of increased metabolic 


rate. 
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In mature sheep housed at a neutral temperature, 
Diasmaslevelseofal eandatatrespectivelyrect 
pong no7lO0emiaandt8s62 ug/ 100eml | (Westrasand 
Christophersones 976) ;eand 38eng/100 migande7s2eug7100 m1 
(Christopherson et al. 1978) have previously been 
reported. In the present experiment, plasma 
concentrations of T,; and T, respectively, averaged 
(2GeOeng/100 mi and 5.94 1ug/100 ml an the CON ewes, 

Gale (1973) stated that acclimation to the cold 
ae involved a synergistic action between thyroid 
hormones and catecholamines. From a review of the 
literatures) Thompsone,(.1977). concluded: that, although 
many studies had examined the influence of low 
temperatureponecarculatingsievels of T.seandet., the 
results were controversial. Increased plasma T, and T, 
levels in wethers after prolonged cold exposure (4 - 6 weeks) 
have been reported by Westra and Christopherson (1976) 
and Christopherson et al. (1978). In the present 
experiment, circulating levels of T; in the 
cold-stressed lactating ewes were increased after 3 
weeks of cold exposure and remained significantly 
elevatedstoretherdurationsof the) experimentys in 
contrast ail, Levelsewere) lower) inp thesCEsewes@atter 2 
week of cold exposure in comparison to the CON ewes 
although during the remainder of the experiment, T, 
levels tended to be higher in the CE animals. Thompson 


(1977) suggested that plasma concentration of T; may 
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increase more than that of T, during cold exposure, 

perhaps reflecting the preferential secretion of T,;, the 

more calorigenic of the two thyroid hormones, or the 

increased conversion of T, to T, in the peripheral 

tussues)e Since aun tthe present experiment ,Uplasmal'T. 

levels were more indicative of cold exposure than were 

Matlevels mounmresmlits would tend to Support this 

theory. 
Glucose 

Bieena glucose concentration in the CE ewes 
consistently was elevated over that measured in the CON 
ewes, however the difference between treatments was not 
always statistically significant. Similarly, plasma glucose 
levels have been shown to increase in cold-stressed 
lactating goats (Faulkner et al. 1980) and in mature sheep 
(McKay et al. 1974; Christopherson et al. 1978; Thompson et 
al. 1978b), although Graham and Phillips (1981) were unable 
to detect any change in plasma glucose in chronically cold 
stressed wethers. 
Milk Production 

Thelmilkeproductionvdatascollected during Experimental 

is anebroad’ agreement with other®publishedereports ofemilk 
yield in the ewe nursing a single lamb (McCance 1959; 
Coombe et al. 1960; Gardner and Hogue 1964; Davis et al. 
1978: Torres-Hernandez and Hohenboken 1979,1980) and closely 
agrees with Degen and Young's (1982) estimate of milk 


production in ewes obtained from the same flock, based on 
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water turnover in the suckling lambs. The level of milk 
production measured during Experiment II however is lower 
than previously published values. The discrepancy between 
the two current experiments may reflect factors such as 
genetic variation, age of the ewes, number of lactations and 
bodyweight or could be a result of the technique employed to 
estimate milk production. 

Studies of milk yield in the ewe and in other animals 
not accustomed to daily hand or machine milking, are 
Waeee feed eal Gh inherent methodology errors. The 
oxytocin-handmilking technique adopted in Experiment I often 
iS a convenient method to use but assumes that exogenous 
hormone administration closely matches the normal process 
evoked by suckling. Evidence however suggests that, with the 
doseages commonly employed, exogenous oxytocin 
administration results in Supernormal emptying of the udder 
(McCance -1959: Coombe et al. 1960) which in itself may 
promote milk secretion (Linzell and Peaker 1971b). As well, 
the extrapolation of milk production measured over a short 
De@lodnausuablysoi el mamseh wdurdtiwonpsie van Bécr inatesoneZ 4h 
muelk tyveld assumes *that «diurnal variation intmrlk secretion 
is insignificant, although some evidence points to the 
contrary. At best then the oxytocin technique may be useful 
in measuring the maximum potential of the mammary gland to 
produce milk over a short period of time but may not be a 


good estimate of the normal daily production of the animal. 
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While the weigh-suckle-weigh technique used in 
Experiment II, theoretically at least, measures the amount 
of milk ingested by the lamb, it too is subject to inherent 
errors, the primary one being the inaccuracy of milk intake 
measurementy *partacullarlyvas the lambeincreaseS*in size. 
Furthermore, although the normal suckling interval of an 
undisturbed lamb has been reported to be 2.5 - 3 h Ricordeau 
et al.(1960, cited by Gardner and Hogue 1964), many 
experiments have adopted a much longer suckling interval 
(e0-86 ee a matter of convenience. If an excessive period 
of time is left between sucklings, the lamb may have 
difficulty in withdrawing all of the accumulated milk 
(€oombevettal. 91960) StBhinally; \ifethesconditions@assocrated 
with the milk yield procedure cause stress and the 
endogenous release of adrenaline and noradrenaline, evidence 
Suggests that the milk ejection response may be hindered by 
a partial .blocking of oxytocin release from the posterior 
DitUbeany “Cross O55) 7bdinectaimhibitron ob Uhelactilengor 
oxytocin on mammary myoepithelial cells (Chan 1965) or by 
the constriction of mammary blood vessels and increased 
resistance of. the mammary ducts (Hebb and Linzell 1951). 
Unless these errors can be avoided, the weigh-suckle-weigh 
technique of measuring milk production may result in an 
underestimation of the daily milk production’ of ‘thesewe% 

In the single published study that has employed both 
the weigh-suckle-weigh and oxytocin techniques to measure 


milk yield in the same ewes, the weigh-suckle-weigh 
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procedure consistently gave lower results 

(Coombe et al. 1960). This study may be criticized however 

Since a 5 h suckling interval was used during the pstamanion 

of milk production on the basis of the lamb's intake and a 

27h accumularioneotame lkewasrusedsto estimatere4iihimiak 

yield with the oxytocin technique. As discussed previously, 
these factors may bias the results obtained using these two 
procedures. 

Previous studies have shown that milk secretion can be 
ese cows by low temperatures experienced during 
winter conditions (MacDonald and Bell 1958) and in the 
fabouetouy, byelocal@coolingtotythe uddeng (holmes m971)% 
Extensive metabolic studies with goats under laboratory 
conditions also have proven that acute cold exposure can 
detrimentally affect milk secretion (Clarke et al. 1976; 
ThompsonsandeThomson 1977reThomson etwala, 1979) 1980; 
Faulkner et al. 1980). 

Some of the factors that are thought to be involved in 
a cold-induced depression of milk yield include: 

1. ‘Reductionsin Mammary, BloodeRlows blooduilowstonthegudder 
has been implicated as a possible limiting factor to the 
levelLvobamilk ippoductionpsincee, 1thcanernituence i both? the 
availability of substrates and the hormonal balance of 
the mammary gland. Thompson and Thomson (1977) however 
discovered, by using two levels of acute cold treatment, 
resulting in either a 18 % or 46 % increase in the 


metabolic rate of lactating goats, that milk secretion 
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was depressed by both cold treatments but mammary blood 
flow fell only during the more severe cold exposure. 
They concluded that the reduction in milk secretion 
observed in a mildly cold environment was related to 
factors other than mammary blood flow, although in a 
colder environment, blood supply to the udder may be one 
of the mechanisms that limits milk secretion (Thompson 
and Thomson 1977). 

Dehydration: Goat's milk consists of 900 ml water/1, 
consequently the inavailability of water itself may 
Vimutethe tevelsetemilk product toneaDunsingkare4uneperiod 
orecoldstreatmenty, eresultangeintapproximately lan25a2 
increase’ in metabolic rate, Thomson et al. (1980) 
studied the fluid balance of lactating goats. Although 
water intake was immediately reduced, a decrease in 
urine output was not noted for several hours. Milk 
secretion was also depressed by the low temperature, 
possibly due to the higher osmolality of the plasma, 
thus retarding the osmotic movement of water from the 
blood to milk. Although a change in fluid balance of the 
lactating goat was correlated with depressed milk 
secretion during cold exposure, Thomson et al. (1980) 
Conewuded thatethismtactor ’couldraccountmioreond yeize, 
of the observed decrease in milk fluid volume. 

Reduced Substrate Supply: Since lactose is the main 
osmolar component of milk and water moves from the 


bloodstream into milk through osmosis, lactose secretion 
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may regulate total milk production. Normally milk 
lactose is derived only from plasma glucose 

(Hardwick et al. 1963); a change in the uptake of 
glucose by the mammary gland could therefore alter the 
rate of lactose formation and, consequently, of milk 
secretion. This possibility was examined by Faulkner 
Gblabo(1980)SeDuring ae2%th exposureeoft lactating goats 
to a cold environment, resulting in a 50 % increase in 
metabolic rate, glucose uptake by the mammary gland, 
Wee tase secretion and milk yield all decreased by 69 %. 
From this experiment it was reasoned that a reduced 
secretion of lactose was a major factor contributing to 


a depression in milk secretion in cold-stressed goats. 


Other factors which have been postulated to influence the 


milk producing capacity of the cold-stressed goat but have 


not been extensively examined include: 


tM 


NO 
e 


Energy. Balance: In the goat, Thompson and Thomson (1977) 
suggested that the increased energy losses to the 
environment during acute cold exposure were only 
Danurahl yiobmsetmby vereduc tion foi lenengyaltocuminethe 
milk werhe- netienerngy "deficit tof thetcold Wactauing goat 
theme fore Atmay -uby satseli reduce tmiulkisecretwon. 
Hormones: In addition to the endocrine changes already 
mentioned, cold exposure has been reported to increase 
corticosteroid secretion (Tanche 1976; Alexander, 1979) 
and is believed to result in lower circulating levels of 


prolactin, at least in man (Mills and Robertshaw BSI Ph 
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heifers (Tucker and Wettemann 1976) and steers (Smith et 
al.. 1977), acting perhaps by blocking prolactin release 
from the anterior pituitary (Tucker and Wettemann 1976). 
The effect of hormonal changes induced by cold 
exposure on the capacity of an animal to produce milk 
has received little attention nor has the endocrine 
balance necessary to maintain milk secretion at a high 
level during established lactation been clearly defined. 
Studies of the hormonal requirements for the maintenance 
one Bae caicn in ruminant species have concentrated on 
the dairy cow. In this species, Tucker (1979) stated 
that prolactin, growth hormone (GH), ACTH or 
gG@ivecoecorriecoids, STSHTorishyroid hormonesyeinsulin and 
Parathyrord hormone areinecessary¥torethe  maintenancesor 
a high level of milk secretion and oxytocin is necessary 
for milk removal. There is evidence however of wide 
variation between unrelated species of animals in terms 
of the hormonal balance necessary to maintain lactation 
(DeLouis et al. 1980) and perhaps even of variation 
between different types of ruminant animals: in the cow 
and goat,. administration of the ergot alkaloid, 
erqocrypeine, 120) blockeprolactinurelease;mhaceimtcic 
effect on milk yield (see review by Bauman and Currie 
FOBCOmbuULMEG has@al potent antagalactopoieticmebiec can 
the ewe, which can be reversed by the administration of 


exogenous prolactin (Hooley et al. 1978). 
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In further work changes in plasma levels of 
hormones were correlated with changes in the milk yield 
ofpthescow. Hareeetmal.a (1978) ecomparedeplasmashormone 
profiles of high and low yielding cows and determined 
that plasma levels of GH were increased approximately 
3-fold in high producing cows. In the low yielding cow, 
insulin levels were found to be consistently higher and 
plasma T, levels also tended to be elevated. Plasma 
prolactin concentration did not differ between the two 
eee (Hart et al. 1978). Additional research by the 
same group has found high positive correlations between 
a change in milk yield and a change in the ratio of 
plasma GH to T, and to insulin, and a negative 
correlation between shifts in milk production and plasma 
tT, tevelséin®lactatingydairyocowse(Harthet aben 1979)% 
Although this research may provide some insight into the 
endocrine mechanisms associated with lactation in the 
cow, the results may not necessarily extend to the 
lactating ewe. 

Asstudy sin which the effect of cold:stress: during 
lactation on endocrine metabolism was examined was 
performed by Faulkner et al. (1980). In the lactating 
goat, reduced mammary uptake of glucose dunrngEcold 
exposure was associated with an increased circulating 
level of corticosteroids although no change in insulin 
concentration was observed. Robertshaw (1981) suggested 


that the reduction in milk secretion that has been 
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reported to occur in goats during acute cold exposure 
and in cows during winter conditions may be related to a 
Suppression of prolactin release. As Tucker (1979) 
however has pointed out, prolactin concentration in the 
plasma does not appear to be clearly related to milk 
yield nor does it appear necessary for the maintenance 
of lactation in these species. It is possible that the 
inhibition of milk secretion that has been observed in 
cold-stressed goats and cows is related to a 
catecholamine-induced inhibition of the milk ejection 
reflex (Hebb and Linzell 1951; Cross 1955: Chan 1965) or 
may reflect a supression due to elevated thyroid hormone 
levels. Logically however, an endocrine-mediated 
depression of milk secretion in a cold environment must 
be related to a complex of hormones rather than to the 
actions of any single one. 


In the current experiments, milk production in the ewe 


was not consistently affected by cold exposure. These 


results clearly contradict those obtained previously with 


cold-stressed goats. Although the cause of the discrepancy 


between the present studies and previously published reports 


iS unknownyecertain factors#may whave contrvbutedntomthe 


results: 


Severity of Cold Stress: The cold treatment used in the 
current experiments resulted in a 20 - 55 % increase in 
metabolic rate. This severity of cold results ina 


significant decrease in milk production in goats even 
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after a short period of treatment (Clarke et al. 1976: 
Thompson and Thomson 1977; Thomson et al. 1979, 1980: 
Faubknienterta lhe 19890). Sbitistoosstbbeatharampik 
production in the ewe is more resistant to a low 
environmental temperature than in other animals. 
Duration lof Colamhxposure scl l tofitheslaborabory@studies 
that have examined the influence of cold stress on 
lactation have used treatment periods of 24 - 48 h 
duration. It is possible that a low temperature-milk 
Secretion sinteraction tis of (short iduration@and is not 
expressed during more prolonged periods of cold 
exposure. This hypothesis 1S not supported by evidence 
that in dairy cows, milk production measured in field 
trials decreases during winter conditions (see review by 
Johnson 1976), although several factors other than a low 
environmental temperature may have contributed to these 
results. 

Behavior: Gonyou et al.(1979) demonstrated that 
cold-stressed cattle spend a larger percentage of their 
timewlying (down Sthaniedoccatt levin atthesmoneucral 
environment. If the CE ewes in the present experiments 
laid down ‘fora large portion of ‘each day, the mammary 
gland may have been sufficiently insulated to reduce the 
effect of low temperature on mammary metabolism. 
Evidence presented in Chapter III supports that mammary 
blood flow and udder surface temperature are not 


significantly affected by a low ambient temperature when 
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the ewe is in a lying position although both parameters 
decrease markedly when the animal is standing. 

Hormones: It is known that the hormonal balance 
necessary for the maintenance of a high level of 
lactation varies widely between species (DeLouis et al. 
1980). Alterations in endocrine metabolism that occur 
during cold exposure may therefore have variable effects 
on lactation, depending upon the species of animal 
examined. 

Energy Balance: From the calculations of heat 
production, energy output in the milk and metabolizable 
energy intake it 1s probable that the CE ewes were ina 
Situation of net energy deficit during the majority of 
the experiment. The magnitude of energy deficit however 
might have been overestimated since changes in behavior 
as a result of experimental manipulations may have 
induced an increased level of heat production during the 
periods of measurement (ie. the ewes may have spent a 
greater proportion of time standing during periods of 
measurement of Hp than they would normally). The 
magnitude of the animal's energy deficit may indeed be a 
critical factor in determining the level of lactation. 
Influence ofsSuckling* Young: *WithinetheSlimitsiset by 
Geneticicapacity, milk productwon in thekewemmo erelated 
to both food intake and the number of young. Ewes 
suckling twins generally produce 20 - 40 % more milk 


than those suckling single lambs (NRC 1975), possibly 
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due to the hormonal effects induced by a greater 
frequency and/or intensity of suckling. Since, in the 
present studies, the lambs as well as the ewes were 
housed at a low ambient temperature, the cold 
environment may have led to a change in suckling 
behavior possibly resulting in a greater level of milk 
production. Other trials that have maintained lactating 
animals in the cold have used hand- or machine-milked 
goats or cows; in these experiments, the influence of 
theysuckling youngeon milk preduction wouldanet have 
been present. 

7. Technique of Milk Yield Measurement: Since the animals 
used in the present studies were not accustomed to 
regular milking prior to the start of the experiments, 
the techniques used to measure milk production may not 
have truly reflected the normal daily milk secretion and 
could perhaps have masked any treatment effect. 

Additional research is required to further examine the lack 

of effect of chronic cold exposure on milk production in the 

ewe. 

Milk Composition 

In the ewes housed at a thermoneutral temperature, 
protein concentration of the milk averaged 5.09 % in 

Experiment I and 4.80 % in Experiment II. Published values 

for protein concentration in ewes' milk have ranged from 

Ae ieee ol oes0e le (Barn i coatmet palwes S57; eGardnervgand 


Hogue 1964; Williams et al. 1976; Davisset aleei973* 
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Torres-Hernandez and Hohenboken 1979). Average values of 
percent lactose were calculated to be 5.60 and 5.46 in 
Experiment I and II respectively, and are within the range 
of previously reported data (Barnicoat et al. 1957; Gardner 
and Hogue 1964; Williams et al. 1976; Davis ecuwal hao 7 8; 
Torres-Hernandez and Hohenboken 1979). Fat formed the 
largest component of the milk solids, with an average 
eoncentraurvonGin Srilikect (424 18% sin Sexperimenteleand 7.90 4 
in Experiment II. While Barnicoat et al. (1957) determined 
that percent fat in ewe's milk averaged 5.5 %, more 
commonly, values of 6-8.5 % have been reported (Gardner and 
Hogue 1964; Williams et al. 1976: Davis et al. 1978; 
Torres-Hernandez and Hohenboken 1979). 

Cold exposure tended to result in an increase in 
percent milk fat, which became statistically Significant as 
the duration of cold exposure increased. Percent lactose was 
not significantly altered in either experiment but in 
Experiment 11, percent milk protein tended’ to-be “higher as a 
result of cold exposure. 

Previous studies that have examined the effect of acute 
Goldy Sseress ton milk tecompositionvobSthe goat hhavetreported 
that total lactose yield decreases during cold exposure 
(Clarke et al. 1976; Faulkner et al. 1980) but is related to 
aesiguiticant reduction@in total milktyreld wathenethan in 
lactose concentration (Faulkner et al. 1980). Clarke 
Seal weelCrG) found ‘that milk *proteim*and fateyveldsawere 


Significantly depressed after 24 h of cold exposure but 
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Showed some recovery after 48 h of treatment, despite a 
continued depression in the rate of milk secretion. This 
data may indicate then that fat and protein concentrations 
were increased in the milk collected after 48 h of thermal 
pPeearmenta | Thomson eb eal. (1979) also determined that total 
milk fat secretion in the cold-stressed goat was maintained 
although milk secretion was depressed. Additionally, several 
studies have determined that milk butterfat percent 
increases when cows are exposed to a low ambient temperature 
(see review by Johnson 1976), although MacDonald and Bell 
(1958) were unable to detect any cold-induced change in 
perocentimilk butterfatwor: proteineinesad-tab fedecowse housed 
outdoors during Canadian winters. 
Milk Fatty Acid Composition 

Fatty acids secreted in milk are derived either from 
de novo synthesis in the mammary gland or from plasma 
triglycerides and free fatty acids; the relative 
contribution of each source of fatty acid precursors is 
largely dependent on species and physiological status 
(Patconers 1980) .“inascuminants, milkStatty aciadsyranging from 
8 to 14 carbons in length are normally synthesized de novo 
in the mammary gland from carbon skeletons provided by 
plasma B-hydroxybutyrate and acetate (Linzell et al. STS Be 
whereas fatty acids longer than 16 carbons in length 
normally are derived from plasma free fatty acid and 
triglyceride pools (Annison et al. 1967). Glucose carbon 


cannot be directly used for fatty acid synthesis in the 
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ruminant mammary gland (see review by Linzell and 

Peaker 1971a) however mammary glucose oxidation via the 
pentose cycle provides an important source of reducing 
equivalents necessary for fatty acid synthesis (Bauman and 
Davis 1974). 

Studies performed with ruminants housed in 
thermoneutral environments have uniformly reported that long 
Gnalmehactywacids, ipnimarily palmit tes(G1620)@and oleic 
Gone 1) acids, form the largest proportion of the total 
fatty acids secreted in milk. In the studies reported by 
Bhomsontet alypedi979)VandtCharyabute épeal 9a6198Ca)* 
respectively, palmitate and oleate together formed 49.9 % 
andedsn2nyQeotmithestotall mike fattyracid "secret ronmin fooat¥s 
milk. In the ewe, Thompson and Goode (1981) found that these 
two fatty acids constituted approximately 63.2 % of the 
Toba bemi Peeiatt yeacidswand# ein Sehe presenvrstudy 7's a3 ee cor 
the total -fatty acid secretion in the CON ewes was 
attniburable to palmitacvand oleic acids. Shert chaim fatty 
aciaseGlessmthan 16 "carbons in Vength)» were found «to 
€ompnrsecs2 eie(Thomsen etgaly 1979) tand s9e9e7 
(Ghamyabutrte lta Wn 1980a of tthe stotal “fatty eacrd@secretion 
in goats, and 27.1 % in ewes (Thompson and Goode 1981), 
again corresponding well with the average value of 32.9 % 
determined in the current study. 

In the present experiment, prolonged cold exposure 
resulted in a relative decrease in mammary secretion of all 


of the short chain fatty acids, but an increase in long 
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chain fatty acid secretion, reflecting a tendency towards 
elevated secretion of stearate (C18:0) and the cis form of 
oleate (C18:1). Clarke et al..(1976) and Thomson et al. 
(1979) have also determined that a short term exposure 
(48eh)eo0tqlactatinge goats Lomasemoderatexcoid) stress. 
sufficient to increase heat production by 28 - 46 %, 
decreased milk secretion of short chain fatty acids but 
mereasedathateorelong chain) fatty,acids;eespecrallypot 
Oleic acid. 

oan eateon of mammary fatty acid metabolism during 
acute cold exposure in the lactating goat has been examined 
uSing radioactive isotopes and has been found to be caused 
by a change in both the rate of supply and of mammary uptake 
SOFLfahtyeacidaprecursors:, Asshift)awayetirome shorts chaan 
fatty acid secretion in the milk of the cold-stressed goat 
can be related to a decreased supply and uptake of acetate 
(Thomson_et al. 1979), B-hydroxybutyrate Faulkner et 
al.(unpublished, cited by Faulkner et al. 1980) and a 
reduced mammary uptake of glucose (Faulkner et al. 1980), 
resulting in a decreased supply of carbon skeletons and of 
reducing equivalents necessary for de novo fatty acid 
synthesas.sOn the, other hand, free Eatty acadssupplysand 
mammary uptake are increased during cold exposure (Thomson 
et al. 1979), supporting an increased release of long chain 
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Organ Weights 

Prolonged exposure of the lactating ewe to a cold 
environment was not accompanied by any change in weight 
relative to total bodyweight of the abdominal 
(gastro-intestinal tract, kidneys) or thoracic (lungs) 
Organs examined. Other studies with growing pigs have also 
failed to demonstrate any cold-induced change in digestive 
organ weight (Sugahara et al. 1970; Hacker et al. 1973; 
Brown et al. 1976), although measurements performed by 
Graham et al. (1982) and Schaefer (1979) did suggest that 
certain portions of the gastro-intestinal tract were 
hypenevophrédwineehronically cold-stressed wethers. The 
results in the latter two experiments however may have been 
related to treatment differences in feed intake rather than 
to differences in ambient temperature. 

In comparison to other studies of organ weights 
performed-.in this laboratory with wethers (Schaefer 1979; 
Graham et al. 1982) and young lambs (Chapter IV), the 
alimentary tract of the lactating ewe was more extensively 
developed, although the results are confounded by 
nutritional factors. Expressed in terms of weight per unit 
of bodyweight, the reticulo-rumen, omasum, abomasum and 
large intestine were found to be larger in the lactating ewe 
than in either the lamb or wether while small intestine 
weight was largest in the young lamb, followed in decreasing 
order by the lactating ewe and wether. Fell et al. (1964), 


Tulloh (1966) and Chatwin et al. (1969) have also reported a 
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hypertrophy of the digestive tract during lactation in the 
ewe, cow and rat, respectively, that may be related to an 
increased food intake rather than a direct influence of 
lactation perase.PinStherrat.at least, increased 
gastro-intestinal tract weight during lactation is 
accompanied by an increased total blood flow (ml/min) and 
pHOpertiongofetotabicardrachoutpubs(Chatwinger allitges- 
Hanwell and Linzell 1973). Presumably these changes in 
digestive audce development and blood supply are important 
Baste onents to a higher level of food intake and an 
increased requirement for nutrient absorption to support 
mammary metabolism. 

Although other organ weights were not affected by cold 
exposure, mammary gland weight, expressed as a percentage of 
bodyweight, was reduced in the CE ewes. Further dissection 
of the mammary gland would suggest that the reduction in 
mammary weight was due primarily to a decreased secretory 
tissue mass (Chapter III). Since, in the ewe, the number of 
secretory cells in the udder virtually does not increase 
after parturition (Anderson 1975), a smaller mammary gland 
may be reflective of a reduced degree of hypertrophy of the 
Secretouyecetlis durangu@lactatmonyithe causemot@ga lack of 
mammary development in a cold environment remains to be 
identified. 

The evidence of a larger adrenal gland size suggests 
that adrenal function was increased during cold exposure. 


This hypothesis is supported by the observed increases in 
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the circulating levels of catecholamines in the CE ewes. 
Similarly, the trend towards thyroid gland hypertrophy in 
the cold-stressed ewes agrees well with the increased plasma 
Yevels of .T3-and*T, observed. 

Efficiency of Milk Production 

Binzelligi972)jpostulatedithatimi lkhyreldepengununt 
mammary tissue iS Similar in all species. Data collected 
from various ruminant species would support this hypothesis. 
Quoted values CofP i s90hat. 75 vandslse6eqgrmilk/qamammnanyernssue 
during established lactation in the cow, dairy goat and 
non-dairy goat (Linzell 1972) respectively, compare 
favorably with the value of 1.84 g milk/g mammary tissue 
reported for the ewe (Davis et al. 1978). As the data in the 
Current experiment was collected from ewes nearing the end 
Siflactationewanvaluesofel. 22yqemilk/g manmaryntussue inethe 
CON ewes is in keeping with previous reports. 

Since other studies have not directly assessed 
secretory tissue mass, values of milk yield/unit secretory 
tissue have not been reported. On the basis of dissection 
studies, secretory tissue forms approximately 84 % of the 
total mammary weight in lactating dairy goats (Linzell 1960) 
anawe 7a. ClUther total guddéergwemght of@theseveran 
mid-lactation (Thompson 1980). After adjustment of the data 
collected by Linzell (1972) and Davis et al. (1978), milk 
yield (g)/g secretory tissue would approximate 2.08 and 2.11 
in the dairy goat and ewe respectively. In Experiment I1, 


mean milk production (g)/g secretory tissue in the control 
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Ewestwas «Gatculatedercebem |. 849and®therefore sisevoweumcnan 
other estimates. In these animals however, secretory tissue 
formed only 66 % of the total mammary weight (Chapter III), 
further supporting@tthe conclusion ‘that "the ewes were in 
declining lactation at the time of measurement. 

The ratio of blood flow:milk yield has been suggested 
to be an appropriate measure of mammary efficiency since 
this drat iovvaries@inversely with the tratetomhemi lk secretion 
(Linzell 1960). Previous studies have reported average blood 
flowsmilk yield values of 507 (Peeters et al. 1979), 457 
(Bickerstaffe et al. 1974) and 390 (Paterson and Linzell 
1974) for the cow and 689 (Thompson and Thomson 1977), 523 
Grnomsom epvalry1 97S }eieand 43¢8(Chaiyabutmtes alt 2198 0b) ror 
the goat housed in a thermoneutral environment. Much of the 
variation within a species may reflect differences in the 
Stage of lactation; by measuring the changes in the ratio of 
blood flow:milk yield over the course of lactation in the 
dairy goat, Linzell (1974) demonstrated that while the ratio 
averaged 460:1 at peak lactation, during the major portion 
of lactation, values averaged 500:1 and increased to 
TOG (000: leas tmvlk tyteld “felPatin sehe ewer sihetaverage 
value of 870:1 for blood flow:milk yield reported by Davis 
and Bickerstaffe (1978) is higher than the mean value of 
664:1 determined in the present experiment. It is probable 
that the ratio of blood flow:milk yield was underestimated 
in the current study since milk yield was determined 2 wk 


prior to measurement of mammary blood flow. The apparent 
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relative inefficiency of milk secretion in the ewe compared 
to other ruminants has been attributed to the greater total 
solids content of ewe's milk (Davis and Bickerstaffe 1978). 

Mild and moderate cold stress, respectively, was found 
to result in a 26 % and 17 % decrease in mammary efficiency 
as measured by blood flow:milk yield in the study performed 
by Thomson et al. (1979) and a 49 % and 84 % decrease in a 
Similar study reported by Thompson and Thomson (1977). 
Chaiyabutr et al. (1980b) also found that 48 h starvation in 
the goat caused the ratio of mammary blood flow:milk yield 
to rise from a pre-treatment value of 438:1 to 483:1. In the 
present study however, mammary efficiency expressed as 
g milk/g mammary tissue or g secretory tissue and as blood 
flow:milk yield would suggest that the efficiency of milk 
Synthesis was greater in the chronically cold-exposed ewes 
thanmin- the control animals. 

In summary, the data collected in the present 
experiments did not reveal any detrimental effect of 
prolonged cold exposure on the lactational performance of 
the ewe but in fact suggested that the efficiency of milk 
production may have been increased as a result of a low 
ambient temperature. Since these results contradict those 
obtained with acutely cold stressed goats, further work will 


be required to isolate the factors responsible for the 


observed responses. 
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BUPASSectionseyi 
Factors Affecting Mammary Blood Flow in the Lactating Ewe 
With Particular Reference to the Effects of Acute and 


Chronic Cold Exposure 


ASPAbStract 

Mammary blood flow was measured in lactating ewes using 
an electromagnetic blood flow probe or radionuclide labelled 
microspheres. Continuous recording of blood flow through the 
mammary artery revealed that changes in posture, feeding, 
minor stresses and suckling caused blood flow to decrease. 
During a period of acute cold exposure (4 h) mammary blood 
flow, trunk, udder and extremity surface temperatures 
decreased markedly when the animal was standing; heart rate 
increased but rectal temperature remained relatively 
unchanged. Lying down effectively insulated the mammary 
gland from low ambient temperatures as indicated by mammary 
blood flow and udder surface temperature. 

After a period of prolonged cold exposure (0 °C, 8 wk), 
udder size and mammary blood flow tended to be lower in 
comparison to values obtained from ewes housed for the same 
penroduat Jie .@..coltd exposure also atfleccred bloodsiloy 
distribution: as a proportion of total mammary blood supply, 
blood flow to the secretory tissue was reduced by 
approximately the same amount as connective tissue blood 


flow was increased. Microspheres injected before and after 
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suckling revealed that suckling caused a decreased blood 
flow to the mammary gland in 4 of the 5 animals but did not 
Significantly alter blood flow distribution. Blood flow was 
increased to the popliteal fat depot (P<0.01) and tended to 
be higher to the gastrocnemius and semimembranosus muscles 
(P>0.10) but was decreased to the skin of the thigh (P<0.05) 


and lower leg (P<0.10) as a result of cold exposure. 
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B. Introduction 

Under certain conditions, restricted circulation to the 
mammary gland of the lactating animal may influence the milk 
producing capacity of the gland since the synthesis of milk 
constituents is dependent upon the uptake of precursors from 
the bloodstream (Linzell 1974). Knowledge of the factors 
that influence and control mammary blood flow (MBF) would 
therefore aid in our understanding of the mechanisms and 
Pimmbatrons (hotthe process ‘of mi lki«synthesas: 

Numerous techniques have been used to examine MBF in 
both laboratory and domestic livestock species (for a review 
of methods see Reynolds et al. 1968; Linzell 1974). Many 
studies have attempted to define variations in MBF that 
OCcUmjundeR Normalsohysiologucas tcondi ti onsmst(hinzehilalo6C; 
Chatwin et al. 1969; Hanwell and Linzell 1973a,b; Mao and 
Car vokowt97s = *hurdvetetailw USi7o5 Dawis randiiBreckerstafte 978- 
Fleet and Peaker 1978: Peeters et al 1979; Burvenich 1979; 
Davis cetealss 1979°mChai yabvutrwe tical ~ A190 S0abierand Serom* the 
administration of exogenous hormones and vasoactive 
Substances (Hebb and Linzell 1951; Houvenaghel 1970; 
Houvenaghel and Peeters 1971,1972; Dhondt et al. 1973,1977; 
Houvenaghel et al. 1973; Burd et al. 1978a,b; Burvenich 
1980: Hart et al. 1980; Henderson and Peaker 1980). 

The influence of the combined stress imposed by a cold 
environment and lactation on blood flow to the mammary gland 
Ras trecenved little vattention inl the literatures General 


circulatory changes that occur as a result of cold exposure 
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are well documented: increased heart rate, cardiac output 
and a redistribution of blood flow help the animal to 
maintain a state of thermal equilibrium despite unfavorable 
environmental conditions (see reviews by Thauer 1965; 
Webster 1974; Thompson 1977; Alexander 1979). During 
lactation, increased cardiac output and blood flow to the 
liver, gastro-intestinal tract and mammary gland may be 
necessary adjustments to support the process of milk 
formation (Chatwin et al. 1969; Hanwell and Linzell 1973a). 
Under conditions of cold stress and lactation the 
Circulatory system therefore must function to: 
Beepee CN Cel Ve Neal by weeduc img peripheral flew 
2. Support the increased rate of metabolism in thermogenic 
tissues by supplying substrates and removing metabolic 
endproducts and 
3. provide the necessary substrates required for milk 
synthesis in the mammary gland. 

Studies performed by Thompson and Thomson (1977), 
Thomson et al. (1979) and Faulkner et al. (1980) have shown 
that the exposure of lactating dairy goats to a moderate 
cold stress for 24 - 48 h generally results in a decrease in 
tOcaweMBE thatican partially account for .a concurreny drop 
inj milkeproduction. Distribution of blood Plow jwithing the 
mammary gland was not determined in these studies. Although 
the results are limited, the influence of cold on blood flow 
to the mammary gland seemed to diminish over the two days of 


cold exposure (Thompson and Thomson 1979). No studies to 
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date have examined MBF in a lactating ruminant over a more 
prolonged period of cold exposure. 

The present experiments were designed to examine both 
the influence of normal daily routines and of cold stress on 
MBF in lactating ewes. In the first experiment, the changes 
in MBF as a result of diurnal variation, feeding, suckling, 
posture and acute cold stress were measured and compared. A 
second experiment was performed to examine the influence of 
prolonged cold stress during lactation on mammary blood flow 


and GEStribubion im the ‘ewer 


& ,beteangs fae Sem ae a : ; 
ly sstwiting -adz snteisea para 
re | 
wl? Bnald yrehmin He) aot L 


, 


102 


C. Materials and Methods 

Experiment I 

Animals 

Two crossbred Suffolk ewes, averaging 44.44+3.5 kg 
in weight were used in this study. Both ewes were 
nursing single lambs. Each ewe-lamb pair was housed in a 
metabolic crate sufficiently large to permit 
unrestricted movement (0.9x1.8 m). 1000 g of a pelleted 
barley-alfalfa mixture (38 % barley, 62 % alfalfa) was 
fed twice daily (0800 and 1600 h) to each ewe. Free 
access to water and cobalt-iodized salt was also 
provided. 
Arterial Supply to the Mammary Gland of the Ewe 

Blood flow to each udder half is derived from the 
external pudic artery which is a major branch of the 
external iliac artery. The external pudic artery passes 
through the inguinal canal and divides into four vessels 
(Figure III.1): two vessels supply the mammary gland 
itself (mammary artery and caudal mammary artery), one 
vessel supplies blood to the supramammary lymph nodes 
and another to the superficial portion of the abdomen 
(Tanudimadja et al. 1968). 
Surgery 

During tthewinit tale stagestot lactation, each ewe 
was surgically fitted with an electromagnetic blood flow 
probe on the right mammary artery. The vessel was 


located under general anaesthesia according to the 
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Figure III.1 Arterial Supply to the Hindquarters and Mammary 
Gland of the Ewe. 
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Proceduresoreburdvetral WeC1975).58kn inerstonuiwasemade 
along the lateral border of the cranial portion of the 
right udder half and the dissection deepened through the 
Subcutaneous layers and mammary fascia until the 
prominent mammary vein (external pudic) was identified. 
The mammaryVanteryp lying sin yc lose iproximi ty teonbhe 
vein, was carefully freed from surrounding fascia over a 
eechimlenguimcephalad torits first point Of arbonizarion. 
The head of a flow probe (Carolina Medical Electronics; 
16 mm internal circumference) was slipped over this 
Section of the artery and secured in place. The lead 
wires of the probe were sutured to the surrounding 
fascia and passed subcutaneously to a point on the right 
flank, 6 -10 cm ventral to the spine, where they were 
exteriorized. Sufficient slack was left in the lead 
wires to permit the probe head to ride freely on the 
artery during movement of the animal. MBF meaSurements 
were not commenced until 1 -2 wk after Surgery to allow 
the animal to recover and the probe to become securely 
attached to the vessel. 
Experimental Procedures 

Blood flow measurements were obtained from each ewe 
in both a thermoneutral and cold environment. The 
thermoneutral trials (21 °C) were performed over a 12 
G100G Sea200en) .ore2de (1000 =e 1000 0h pehepenrod ebuni ng 
the trial the ewe remained in her crate but was tethered 


with a neck collar to restrict movement. Feed and water 
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were provided as described earlier. Throughout the 
experimental period the lamb was separated from its dam 
by placing itsin®a®wire cage within’ its dam's pen and 
allowedetoisucklevati3eh intervals. This*®procedure 
permitted visual contact during separation of the ewe 
and lamb, which was necessary to minimize maternal 
stress @buttididanctedisruptmthe normals suckiingepactern 
of the lamb. 

Mean and pulsatile MBF was continuously recorded by 
means of a square wave electromagnetic flowmeter 
(Carolina Medical Electronics) connected to a 
physiograph recorder (Beckman R-612 Dynograph). Several 
times during the recording period, zero blood flow was 
ebectronically calibrated®to check’ for@basebine dries 
An event recorder was used to determine the occurence 
and duration of changes in posture (standing/lying). 

The influence of acute cold stress on MBF was 
determined using a temperature-controlled chamber. The 
ewe was shorn to a fleece depth of approximately 1 cm 
1 - 3 days prior to measurement and moved into a large 
metabolic crate (1.:2x1.2 m) within the chamber at least 
12 h before the commencement of the trial. As during the 
thermoneutral trial, the ewe was tethered with a neck 
collar and the lamb confined to a wire cage within its 
dam's pen. Feed, water and suckling procedures were as 


those previously described. 
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Prior to 0800 h on the day of the experiment, 
physiological monitoring equipment was attached to the 
animal and the recording cables extended through 
portholes in the chamber wall. Twelve thermocouple leads 
were also passed through the porthole to monitor ambient 
temperature within the chamber. 

A continuous trace of mean and pulsatile MBF was 
attained as described for the thermoneutral trial. 
Recording cables from heart rate and electromyograph 
electrodes, an event recorder and a rectal probe, 
inserted 15 cm into the rectum, were also attached to 
the dynograph recorder, located outside of the chamber. 
Surface shemperagures ofiehestrunk (rightehipwelrett 
abdomen, right abdomen, left forearm, mid-dorsal region 
of the rump), extremities (right ear, lateral surface of 
the left front and hind pasterns) and udder regions 
(cranial and caudal portions of the mammary gland, 
medial surface of the left thigh) were attained by 
gluing adhesive covered copper-constantan thermocouples 
fowche skins Astotal sof e24ethermocouples@(daron the 
animal, 12 recording chamber temperature) were attached 
to a 24 channel temperature recorder (Honeywell 
Electronik-15) which printed one channel per 18 sec. 

Basal recordings of all parameters monitored were 
attained overea 2 hsperiod (0800%= 1000 h).cAt) 1000 h 
the temperature of the chamber was reduced to 10 26x 


Chamber temperature w2s progressively decreased by 5 Ci 
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actsoimingintervals. tora®final temperature of =159°C 
(1045 - 1345 h). At 1415 h the coolers were turned off 
and physiological recordings eontinted as the chamber 
temperature rose (1415 - 1630 h). 
Experiment II 

Animals 

The selection and management of the animals has 
been previously described for Experiment II, Chapter II. 
Briefly, 10 ewes nursing single lambs were selected 
Shortly after parturtion and assigned to one of two 
treatment groups. The control (CON) ewes were housed at 
amtemperaturesobezisl | °Glfor 56 days «(wkee2t-8 10S: 
lactation) while the cold-exposed (CE) ewes were kept 
for the same period of time at an ambient temperature of 
O+1 °C. At the end of the exposure period MBF was 
measured using radionuclide labelled microspheres. 
Animal Preparation 

One to three days prior to measurement of blood 
flow to the right half of the mammary gland, microsphere 
iMpgectvonwand anterial Sampling cathetersewere 
Surgically established according to the procedure 
Sutlined by Thompson (1980). General anaesthesia was 
induced and maintained with halothane. A polyethylene 
catheter (ID 0.86 mm, OD 1.27 mm) for injection of 
microspheres was inserted into the right saphenous 
artery and the tip advanced towards the dorsal aorta. 


Simultaneously, a thermocouple was inserted into the 
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Per UeecnOrd mauhenyes IN JeECts on Of colar salineminto tne 
Gatneter wresulted in the flow of injectate down the 
femoral artery of the left leg which was recorded by a 
decrease in blood temperature. The tip of the catheter 
was gradually withdrawn until the temperature of the 
blood flowing through the left femoral artery did not 
decrease in response to injection of cold saline. A 
Suture around the saphenous artery was used to hold the 
Injections cathneteneinaplace (Figure Ili 2). 

A similar polyethylene catheter was established 
downstream of the injection site by inserting a catheter 
into the right femoral artery. The tip of the sampling 
catheter was advanced 6 cm cephalad before being fixed 
in poSition with a purse String suture in the wall of 
the femoral artery (Figure III.2). Both the sampling and 
infusion catheters were Sutured to the surrounding 
fascia and passed subutaneously fo a point of 
exteriorization on the right flank of the animal. 
Catheter placement was verified upon post-mortem 
examination. 

Vessels crossing between udder halves were not 
ligated since blood flow between the two halves in a 
lactating ewe has been reported to be insignificant 
(Thompson 1980). 

Blood Flow Measurements 
Gamita-ray emitting $4’ Ce— and) "Nb-labelied 


microspheres (New England Nuclear, Boston, Mass.), 
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Figure III.2 Placement of Microsphere Injection and Arterial 
Sampling Catheters, Experiment II. 


internal iliac ~ 


dorsal aorta 


A= injection catheter 
B = sampling catheter 


_ = opti tara 


—_— 7 —=_.- 


a. 
~, ~ 


rattles Molle) 0a 


1) ae * p- - a . > 
ery: ee ee =F 


. 


DJ i, o : 
— Se IneyTeine 
_— Lt 
afin }ee10o D> 


nat nat og 
_ a) —-, 
. et 


lavaitigt ae \ 


. att of 
aad eager ot a RS i cebeer. 
j 


é , 7 


- 
a 
‘ 5 : — 


fA 
+ 
i 
we. 


110 


15+1.2 um in diameter, were used to measure MBF. This 
Size of sphere is sufficiently small “to pass through 
arteries and arterio-venosus anastomoses but becomes 
lodged in the capillary bed (Hales 1974). Approximately 
PRS uC Daa Cet G14 wdpm/bead))* and W183) Gi @ =Nb 8026 
dpm/bead) was injected into each animal to ensure that 
the majority of tissue samples counted would contain at 
least 400 of each type of microsphere. This number of 
microspheres has been reported to be necessary for an 
acceptable level of experimental error (Buckberg et al. 
LOH )r: 

On the day of the microsphere injections, feed but 
niGwiwate miwas fwathheld . m4. 5 shicprvoritterin jection teach 
lamb was separated from its dam by placing it within a 
wire cage. One and one-half h later the lamb was 
permitted to suckle and then replaced in the cage. 

Three h following the last period of suckling, each 
ewe was injected with '*'Ce-labelled microspheres, 
suspended in 2 ml of 10 % dextran solution containing a 
drop of Tween 80 suspending agent. Due to the number of 
animals involved, microsphere injections were staggered 
over a 4 h period. A plastic syringe (3 ml) was used to 
inject the microspheres over a timed interval of 
approximately 50 - 60 sec. To prevent any settling of 
spheres, the syringe was constantly rotated during 
handling and injection. A T-junction at the end of the 


catheter permitted flushing of the injection syringe 
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with 10 ml sterile saline. Starting immediately prior to 
and continuing for 30 sec after the microsphere 
injection, downstream arterial blood was withdrawn from 
GhemnighteremoualParterye (artificivale@organ, wHaressen 9730 
into a plastic 20 ml syringe by means of a Harvard 
constant infusion/withdrawal pump (Harvard Apparatus, 
Milks? SMl At 

FollowingeinjectionSof the **4Ce-labelled 
microspheres, the lamb was permitted to suckle. Ten 
minutes after the termination of suckling activity each 
ewe received an injection of °*Nb-labelled microspheres 
in a Similar manner as previously described. Blood 
samples obtained from the femoral artery during each 
microsphere injection were weighed and stored at -40 °C 
until measured for radioactivity. 

Twenty-four h after the injection of microspheres 
each ewe was stunned and®bled®*tot death. Gustlprioreco 
stunning, the lamb was permitted to suckle so that the 
udder was relatively free of milk. The mammary gland was 
removed from the carcass and any milk remaining was 
carefully blotted dry before total udder weight was 
determined. The right half of the udder was dissected 
into its various components and the tissues weighed. 
Samples of lung, kidney, left udder half, gastrocnemius, 
Semimembranosus, popliteal fat depot and skin from the 
thigh and lower leg were also obtained. Tissue samples 


were placed in pre-weighed Beckman polyvials, weighed 
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anda stored at’ —40° °C prior to measurement for 
radioactivity. 
Radionuclide counting was performed using a Beckman 
Gamma 8000 counter. '*'Ce and °*°Nb sources were used to 
determine the energy spectra of the two radioisotopes. 
The counting windows were set so as to encompass the 
principal photon peaks of the y-emitters (0.145 MeV for 
ig?iGe- 0765 MeVefor Ze Nb) ei butuminimizemtherspiaiover 
OnPeaNbicounts@untco, theaceé Cel channeleimictalwcountse@or 
each sample were corrected for geometrical (Katz and 
Blantz 1972) and spillover errors, counting efficiency 
and time decay. 
Statistical Analysis 
Treatment differences for each microsphere injection 
were compared using the Students t-test. Values obtained 
before and after suckling were compared for the CON and CE 
groups separately, again using the Studentsit=tests (Steel 


anastorrie 1980). 
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D. Results 

Experiment I 

Detailed information regarding the diurnal variation in 
MBF iS presented in Figures III.3, III.4 and III.5 and Table 
III.1. MBF values varied considerably, both between and 
within animals. Part of the variation between the two 
animals may be related to such factors as stage of 
lactation, age of the animal, size of the mammary gland and 
milk producing capacity. Since only two animals were used in 
this study, these factors were not examined. 

From the results obtained during a 12 or 24 h 
continuous recording of MBF in a thermoneutral environment 
it 1S apparent that for both ewes, the largest change in MBF 
wasmincucedby Ssucki mg (Figures: 111.3, rie de Gri) 
Invariably the act of suckling resulted in an immediate 
decrease in MBF. At the cessation of suckling activity, MBF 
gradually recovered over a period of 30 - 60 sec to a level 
Simian to that recorded prior to suckling (hegure. Uli Sj). 
During the 3 h interval between suckling periods, MBF 
remained relatively stable (Figures I11.3, IIg.4). 

The effect of posture on MBF was especially evident in 
Animal A (Figure III.3). Frequently a change in posture 
bestiteduim a) transientwdrop in: MBE. Bb tocesil ow losEene 
mammary gland tended to be highest when the animal was lying 
down (Table III.1). 

Feeding resulted in a decreased blood flow through the 


mammary artery that persisted for a variable length of time 
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Influence of Suckling, Feeding and Minor 


Figure III.5 
Disturbances on Mammary Blood Flow Measured 
During Thermoneutral Conditions, Experiment I. 
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Table III.1 Diurnal Variation in Mammary Blood Flow in 
Lactating Ewes, Experiment I 


Animal A Animal B 
Mean MBF (ml/min)': 
Standing 200 Dace VIROL ZO. Oo 
Lying PAT ne) Veh .8) 
Nursing VO Gres 23.907 ZOO tale 
Feeding 0G. 025 07.0 68.0 
Coceticrent sol wWahmratrone \%) 
perlod-period 
Standing Si Ohag®) SNS 
Lying Ze 
Nursing 30.) chaise! 
Feeding S00) 
MBF: % of Mean Standing MBF: 
Standing 100.0 1007.0 
Lying LPO 184.0 
Nursing 41.9 Sono 
7 Sib 


Feeding Son 


' values represent mean+SEM. 


2 coefficient of variation= (SE of MBF x 100)/(mean MBF). 
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(Frqurese ll Uo) S11 14 eTrrres pap eur rey eet nebothwanimals 
a trend towards higher MBF values approximately 4 h 
following feeding was noted. This tendency was particularly 
evident in Animal A between the night and morning feedings 
CRwgure If1.3). 

Minor disturbances (ie. experimenter entering the room, 
adjustment of equipment) usually resulted in a small 
decrease in MBF (Figure III.5). 

Physiological measurements recorded during a period of 
acute cold stress are presented in’ Figures IT11-6, i11.7 
(Animal A) and Figures III.8, III.9 (Animal B). Although 
both animals were exposed to a Similar degree and duration 
of cold stress, each animal employed different strategies to 
combat the unfavorable environmental conditions. Animal A 
exhibited few behavioral signs of cold stress; except fora 
few short periods, this animal remained standing during the 
trial. Heart rate rose gradually as the chamber temperature 
fell, peaking at a level 70 - 90 % higher than during 
thermoneutral conditions. Body core temperature was 
maintained or slightly increased during cold exposure 
(Figure III.6). 

In contrast, Animal B spent a large portion of the 
experimental period in a lying position. While heart rate 
increased, peaking at a level 50, - 70 % higher thangthac 
recorded in a thermoneutral environment, changes in heart 
rate did not parallel the pattern of change in ambient 


temperature. As well, this animal allowed its body core 
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Figure III. 6 Effect of Acute Cold Exposure on Mammary Blood Flow, Heart 
Rate and Rectal Temperature of Animal A, Experiment I 
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Figure III.7 Skin Surface Temperatures During a Period of Acute Cold Exposure, 
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Figure III. 8 Effect of Acute Cold Exposure on Mammary Blood Flow, Heart 
Rate and Rectal Temperature of Animal B, Experiment I 
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Figure III.9 Skin Surface Temperatures During a Period of Acute Cold Exposure, 
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temperature to fall; rectal temperature decreased from a 
basal level of 40.6 °C to 38.8 °C, measured at the coldest 
chamber temperature (Figure III.8). 

Skin temperatures measured during the period of cold 
exposure generally mimicked the trends in ambient 
temperature (Figures 111.7 and 111.9). Temperatures of the 
extremities decreased the most during the cold trial while 
temperatures recorded on the trunk surfaces fluctuated over 
a much narrower temperature range. Udder surface and thigh 
temperatures demonstrated the least degree of reduction 
during chamber cooling and were noticeably affected by 
postural changes. Feeding and suckling had little or no 
effect on any of the surface temperatures recorded. 

ASHOUDING @Lhermoneutral conditions, “MBE measured wa tard 
low ambient temperature was influenced by both posture and 
nursing activity. Lying down resulted in a rapid and 
Sustained increase in MBF. (Figures 211.65 2PDl8) 211.10). A 
change from lying to a standing position had an opposite 
effect on MBF. The influence of posture on MBF was more 
apparent for Animal B who changed positions frequentily:»the 
highest MBF values recorded occured at an ambient 
temperature of -11 °C when the ewe was lying down. Nursing 
aqasm fesulted inca rapid but transientwdecressemin MBE. 
This effect was more noticeable before the temperature in 
the chamber was reduced. 

The influence of cold exposure on MBF is difficult to 


discern from the other confounding factors. Table III.2 
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Figure III.10 Effect of Posture on Mammary Blood Flow During a 
Period of Acute Cold Exposure, Experiment I. 
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presents heart rate and MBF data for the two animals 
measured before the chamber temperature was lowered and at 
selected points during the experimental period when ambient 
temperature, posture and time elapsed were similar for both 
animals. Although only two animals were used in these 
trials, the variation in MBF as influenced by ambient 
temperature iS apparent. As the chamber temperature fell, 
MBF noticeably decreased in Animal A beginning at a 
threshold environmental temperature of approximately 7.5 °C. 
The same trend in reverse wasS apparent as the chamber 
temperature rose. Since Animal B spent most of the time in a 
Dving POSECTOnMit 1S dirficult tor establish a standing 
MBF-temperature threshold estimate. From Table III.2 it is 
evident that as the chamber temperature fell, MBF was not 
affected at an ambient temperature of 7.0 °C, although it 
was markedly reduced at a chamber temperature of -8.0 °C. 
During re-warming of the chamber, MBF had recovered to 
pre-treatment values by an ambient temperature of -1.5 °C. 
Experiment II 

Prolonged cold stress resulted in a tendency towards a 
smaller mammary gland weight. This effect was primarily 
attributable to a reduction in secretory tissue weight, 
which approached statistical significance (P<0.10) (Table 
Gin By Pe 

Since the determination of MBF uSing the microsphere 
technique relies on the correct positioning of the Pn ject on 


and sampling catheters, their placement was verified during 
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Table III.3 Right Udder Half Tissue Weights of the Control 
and Cold-Exposed Ewes, Experiment II' 


Bodyweight (kg) 


Udder Half Weight 
(g) 
(g/kg BW) 


Secretory Tissue Weight 


q)) 
(g/kg BW) 


Udder Skin Weight 


(g) 
(g/kg BW) 


Connective Tissue Weight 
g 
(g/kg BW) 
Teat Weight 
(g) 
(g/kg BW) 
Lymph Node Weight 


(g) 
(g/kg BW) 
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' values represent mean+SEM. 


2 number of animals/treatment in parentheses. 
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post-mortem examination. Zero or abnormally low counts in 
the mammary tissue were also used as an indication of 
improper catheter placement. For these reasons, the results 
from three animals (2 CON, 1 CE) were discarded. 
Furthermore, blockage of the injection catheter prevented 
the administration of microspheres to one animal in the CE 
group and of the second dose of microspheres (°°Nb) to one 
animal in the CON group. 

Total blood flow to half the udder was reduced by 
approximately 32 % as a result of an 8 wk cold exposure 
(Hablesilind) . Parteot -chisereduction reflectseuthe slightly 
decreased size of the mammary gland of the CE animals 
however MBF expressed per unit of mammary weight also tended 
to be lower for the cold-exposed ewes. Treatment differences 
were not Statistically significant, reflecting the high 
degree of individual variation in MBF. 

Blood flow/unit weight of secretory tissue, lymph nodes 
and teat was not significantly different between treatments 
but on average tended to be lower in the CE ewes. A decrease 
imegudder skin blood flow/100 g (10 min attergsuckling) and 
an increase in connective tissue blood flow/100 g (3 h after 
suckling) in the CE ewes approached statistical significance 
(B= Oni )i 

MBF measurea 10 min after suckling was] 19 — 20 % lower 
(Statistical la, motesignitigant)s§ for both ytredtment groups 
than MBF measured 3 h after suckling (Table II1.4). Again 


individual results varied widely. Except for the CON teat 
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and connective tissue blood flows, in both treatment groups 
a tendency of reduced MBF as a result of suckling was 
mirrored in all of the mammary tissues. 

The distribution of MBF within the udder tended to be 
altered as a result of cold exposure (Table. I11.5). As Ja 
percentage of total MBF, Secretory tissue blood tlow was 
lower but connective tissue and lymph node blood flows 
higher for the cold-exposed ewes. Skin and teat blood flows 
were not affected to any extent by thermal treatment. In 
both treatment groups, secretory and lymphoid tissues 
received a greater percentage of the total mammary blood 
flow than could have been predicted from their proportion of 
the total mammary weight. 

Since microspheres would have been distributed to every 
area supplied with blood from the right external iliac 
artery, blood flow to selected tissues of the right hindlimb 
Was examined (Table 111.6). Time of injection relative to 
cuckiing had no influence on blood flow te these  Teqions: 
consequently, results from both microsphere injections are 
included together. Cold exposure resulted in a decreased 
Dilooagitlow to. che skin of the thigh (P=<0 405) eancgecte the 
Hower leq (P-0, 10). Blood flow to two selected muscles etic 
gastrocnemius and semimembranosus, was increased in the CE 
group although treatment differences were not significant 
(P>0.05). A significant treatment difference (P<0.01) was 
apparent in the blood flow to the popliteal fat depot of the 


hindlimb; cold exposure resulted in over a 300 % increase of 
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Table IT1.5 Distribution of Weight and Blood Flow Among the 
Mammary Tissues of the Control and Cold-Exposed 
Lactating Ewes, Experiment II' 


Mammary Tissue % Mammary Weight % Mammary Blood Flow 
CON CE CON CE 
Secretory Tissue G73 61.6 Oly 84.3 
Skin a0 18.8 233 2m 
Connective Tissue 14.8 1624 ATS 160 
Teat i206 25-1 ORG 0.4 
Lymphoid Tissue Vas iG3 4.6 bx 


' values represent the mean of the results obtained from 
5 CON and 4 CE animals. 
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Table III1.6 Blood Flow to Selected Tissues of the Right 


Hindleg of the Control and Cold-Exposed 


Lactating Ewes, Experiment II' 


32 


Tissue Blood Flow CONT (5) 
Cre OOdes min) 


haa h Sioin eg ot 2a 
Lower Leg Skin Pad an 8) 
'Gastrocnemius (eS SIERO os (ONG 
Semimembranosus PU choles bleh 
Popliteal Fat Depot 8.5823.47 


' values represent mean+SEM. 


2 number of 
+ treatment 
* treatment 


*x*xtreatment 


observations/mean in parentheses. 
means are significantly different 


means are Significantly different 


CE (6) 
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31.6044 
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means are significantly different (P<0.01). 
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Dloodsiiowbo this area, 

Samples of tissue from the left half of the udder 
contained an insignificant amount of radioactivity, ) 
indicating that blood flow between udder halves was minimal. 
Microspheres were found in lung tissue samples as a result 
of passage through arterio-venosus anastomoses located 
either in the udder or in the right hindlimb. Negligible 
amounts of radioactivity were found in the kidney samples, 
Suggesting that few microspheres passed through the lungs to 


be recycled into the systemic circulation. 
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E. Discussion 

Values¥ior totaleblood flow to ithe udder of #the “ewe 
housed in a thermoneutral environment have been previously 
obtained during pregnancy, using electromagnetic blood flow 
prebess(Bundyemials 1975 1978a7b):) fand tduringSlactat ton iby, 
using the microsphere technique (Thompson 1980) and by 
applying the Fick principle to measurements of mammary 
uptake of methionine from the bloodstream (Davis and 
Bickerstaffe 1978). Unilateral MBF averaged 300 ml.min-~' 
JUStMDrroneto@oarturi GroneUBUrdtetgal 1975)Mand 25semienin— 
at mid-lactation (Thompson 1980). Total MBF measured by 
Davis and Bickerstaffe (1978) averaged 930 ml.min~' in 
lactating ewes. 

Generally, thermoneutral MBF values obtained during the 
present studies were lower than those values previously 
reported (Experiment I unilateral MBF range= 80 - 335 
mi:min™'; Experiment II unilateral MBF range= 50 - 230 
MiwWinieessen42 ini emine |} ytlargetivarnrationsminebilooder low 
and udder size were encountered in both the current and in 
other studies. As well, discrepancies between reported MBF 
values may arise from such factors as stage of lactation, 
number of young being nursed, breed and age of the ewes. 

MBF values expressed per 100 g wet mammary weight 
removes some of the sources of variation in blood flow 
results. In lactating ewes housed in thermoneutral 
conditions, published values of 67 ml.100 g°'.min™' (27 - 36 


days post-partum) (Thompson 1980) and 107 ml.100 g™'.min™' 
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(8 - 71 days post-partum) (Davis and Bickerstaffe 1978) are 
comparable with an average MBF of 50 ml.100 g-‘.min=' (55-63 
days post-partum) found for the CON ewes in Experiment II. 
The lower values of MBF/100 g mammary tissue found in the 
present study might be expected since the ewes were nearing 
the end of a normal lactation period. 

The tissue composition of the mammary gland for both 
treatment groups in Experiment II was quite dissimilar to 
that published previously for lactating ewes. Thompson 
(1980) reported that secretory tissue formed 87 % and 61 % 
of the total mammary weight in the lactating and 
non-lactating ewe, respectively. In the present study 
mammary tissue composition more closely resembled that of 
the non-lactating ewe. This discrepancy may be due to the 
Stage of lactation: the animals examined by Thompson (1980) 
were at peak lactation whereas the ewes in the present study 
were in declining lactation at the time of measurement. 

Thompson (1980) determined that, of the total MBF in 
lactating ewes housed at a neutral temperature, secretory 
tissue received 98.2 %: adipose tissue, 0.64 %; lymph nodes, 
O565 %etteate O2000%. andseuddersiskin pec. 4a2. SAwsSimatareMBy 
distribution was found for the CON ewes in Experiment II, 
although secretory tissue flow accounted for only 91.2 % of 
the total MBF. Again, differences in MBF distribution may be 
related to the stage of lactation. Other discrepancies might 
also have resulted from a difference in dissection 


technique: Thompson (1980) found a distinct inguinal fat 
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depot in the udder of the lactating ewe whereas in the 
present study, no distinct depot was located, although 
adipose tissue was found diffusely spread throughout the 
connective tissue. 

The idturnadsivariatiomw in’ MBP fonsalactatingesheer 
(Experiment I) was greater than that found in other studies 
with lactating goats (Linzell 1974; Burvenich 1979). 
Possibly the large variation in the current study was due to 
some of the experimental conditions imposed. 

The influence of posture on MBF has not been previously 
examined since, in many studies, the animals are prevented 
from lying down. The increased MBF when the ewe laid down 
could have enesultedpirom ea srestrretron lof sbloodatlow *tortire 
other branches of the external iliac artery or from a change 
in general activity and hormonal status. 

The present data indicates that MBF is sensitive to 
even minor disturbances of the animal. Burd et al. (1975) 
noted that MBF measured in sheep fell when the experimenter 
entered the room. Other studies have confirmed that MBF in 
all animals drops in response to mild stress (Linzell 1974). 
More detailed studies have demonstrated that low doses of 
adrenaline (4 - 10 ng/kg BW) and noradrenaline (16.6 - 35.7 
ng/kg BW) cause marked vasoconstriction in the mammary 
artery of lactating goats and ewes (Houvanghel (270)re Die 
Same response has been observed in dairy cows (Dhondt et al. 
1973) and in mammary-lung perfusions (Hebb and Linzell 


1951). 
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In Experiment I, a decrease in blood flow to the 
mammary gland was noted when the experimenter approached the 
animal however a further decrease in MBF occured as a result 
of nursing. During Experiment II, MBF tended to be decreased 
bOSminiafter*suckling ine4eof the’ 5’ animals"in comparison to 
MBF measured 3 h after suckling, even though the 
experimenter was in close proximity to the animals for both 
Measurements. 

Conflicting results exist in the literature concerning 
enesetlectshotmimilkingeuor suckling one MBE.@Burctletmal. 
(1975) reported that when ewes were milked, blood flow 
through the mammary artery decreased. Since this study was 
performed with pregnant ewes, presumably milk was withdrawn 
from the mammary gland either by machine or hand-milking. 
With either technique, a great deal of stress could have 
been imposed if the ewes were not accustomed to the 
procedure. Burvenich (1979) determined that MBF showed a 
parabola-shaped daily variation in lactating dairy goats 
milked twice daily, the lowest values being recorded 
immediately after milking. Hanwell and Linzell (1973b) also 
found that the lowest MBF values measured in anesthetized 
bats GSudays®post=-partumy,! folliowing#®a ®24eh separation from 
their young, corresponded to the lowest levels of milk 
accumulation. In contrast, Houvenaghel et al. (1973) 
reported that handmilking and udder massage in dairy cows 
resulted in higher MBF values. Blood flow to the mammary 


gland also has been found to increase in rabbits in response 
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to suckling (Katz and Creasy 1982). 

Since suckling results in the release of prolactin 
(suckling reflex) and oxytocin (milk ejection reflex) (see 
reviews by Grosvenor and Mena 1974; Ensor 1978), it is 
possible that these hormones may influence MBF. When 
prolactin release was inhibited by the administration of 
ergocryptine in pregnant ewes, normal increases in MBF 
occured when parturition was induced (Burd et al. 1978). 
These findings suggest that prolactin was not an important 
factor in the MBF changes observed in the ewe at the time of 
Papeundcron.GhanwellvandelLinzells1(497-3b) ,eusingganeindicator 
fractionation method in anaesthetized rats, determined that 
MBF decreased when the young were removed from their dam's 
cage. This decrease in MBF was attributed to the withdrawal 
of the suckling stimulus since, when the pups were allowed 
to remain in the cage and suckle sealed teats, MBF did not 
fall. From these results Hanwell and Linzell (1973b) 
postulated that prolactin release was necessary to maintain 
a high rate of blood flow through the mammary gland in 
lactating rats. This iconclusionsperhaps \waseunftounded since 
the results observed when the pups were removed may have 
been caused by maternal stress and adrenaline release rather 
than by the removal of the suckling stimulus. 

When oxytocin is administered to cows in either 
physiological or pharmacological doses, blood flow to both 
empty and engorged udders has been found to increase 


(Houvenaghel et al. 1973). The influence of oxytocin on MBF 
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in goats and sheep however has been reported to be variable 
(Dhondt et al. 1973). The possible contributing influence of 
endogenous prolactin and oxytocin release on the decreased 
MBP observed in ewes*as a result of suckling cin the present 
experiments therefore cannot be properly assessed at this 
time. 

Although total mammary blood flow in the CON lactating 
ewes in Experiment II tended to fall as a result of 
suckling, changes in mammary tissue blood flows were 
variable. Suckling resulted in a tendency of decreased blood 
flow to the secretory and skin tissues and increased blood 
flow to the teat. Alterations in lymphoid and connective 
tissue blood flows were not apparent. Since measurements 
from only two CON animals were available, it is not known 
how representative these responses are. The observed 
tendency of a decreased total mammary blood flow but an 
increased flow to the teat after suckling would support the 
hypothesis of Nisbet (1956) that blood flow to the teat can 
be locally controlled. 

During continuous MBF recordings in the ewe (Experiment 
I), blood flow remained relatively stable between periods of 
suckling, showing no consistent tendency to increase or 
decrease as the udder became engorged with milk. The 
influence of mammary engorgement on MBF has been studied in 
anaesthetized rats (Hanwell and Linzell 1973b) and mice (Mao 
and Caruolo 1973). Both studies determined that when the 


young were separated from the dam for an extended period (12 
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or 24 h), MBF was negatively correlated with milk 
accumulation in the mammary gland. The effect of mammary 
engorgement on MBF in dairy goats has been examined by 
infusing air (Pearl et al. 1973) or isosmotic sucrose 
solution (Peaker 1980) and by allowing the gland to fill 
with milk at the end of lactation (Fleet and Peaker 1978). 
While all of these studies revealed that high levels of 
intramammary pressure could result in a reduced blood flow 
eosechetmanmaryeoland; Ort is@doubt ful chat sutiverent 
pressure would develop in a lactating goat milked twice 
daily to result in any change in MBF. Possibly then a 3 h 
accumulation of milk in the udder of the ewe also causes an 
insufficient increase of pressure to adversely affect MBF. 

Changes in MBF relative to feeding have not been 
previously examined. The reduced blood flow seen in the 
present study at the time of feeding could be due to the 
release of adrenaline as a result of the presence OL 
experimental personnel. As well, recent evidence suggests 
that there is an endogenous release of noradrenaline and 
adrenaline in association with feeding in cattle 
(Christopherson et al. 1982) which may also induce a 
reduction in blood flow through the mammary artery. 
Increased MBF approximately 4 h after feeding may reflect a 
higherwavablabulity ofemilkesubstrateseduethismuimesas sa 
result of digestive and absorptive processes. 

Decreased MBF in the lactating ewe during periods of 


acute cold stress agrees with other work performed with 


a 7 _ 
ve Seamgsx= ns at £. : 
a a _ 5 

‘4s*it: 23 SUMAGRL =o. sal Peo, te ad (ieee: 

io AWGhS> wey, oeabel Land mee Tae siete 

ul elen® San fei) naéiiassal in’ or aay te. init 

cen? Balgsts eetci 70 opad= to file < 
= _ - 

etrhedt: & Shula Bines Sareeerg eae 

+2 3340 Lne7a0c> = S: 


ont :adeeF f of qeisvel Sigew-as 


i 


ono neh he; Sal ar Fim 3e roi tatu 
im sang sce sentantidy 
~ ~~ 


- a¢7¢@is7 12% «4 eggnae 


Ss7lhedt St? \cobtitiete rinuolverg 


} a i 29 The == 7 ais ‘ an 7¢é o bt =. 4tmee rg 
if - : 7 
iG - > 6 $6 sean! 
5 fh » ¢ veo ; i a ~.. | ne veg swsnent 4 253 
ie aniiesAbitsn 2s Setsies sBanescins zt uaa) 1 


i. pies fbe Bh riges ATIV APs ous er ‘axils a7 56 
ice wal sie gem (sit MB Le as preredgnemhieal 
= 
rig ‘Sreamal, ens ai ase . nadie noi oubs 
 asétter. eon uae oa i siren jseaeni 


anir7y Son? J2 @e ressans 
5 sim 
_ 


7 cements e3 


ia ied iain 


a 


te Sonpstie; 


141 


lactating goats. Thompson and Thomson (1977), Thomson et al. 
(1979) and Faulkner et al. (1980) have used a dye dilution 
technique to measure MBF in acutely cold-stressed dairy 
goatstaingaligchreesstudies;emildtcold stressf#had no 
influence on MBF but a 24 or 48 h exposure to a moderate 
cold stress, sufficient to increase resting metabolic rate 
by 46 - 50 %, resulted in a 24 -.46 % decrease in MBF. 

Although the metabolic rates of the ewes acutely 
exposed to a low ambient temperature were not measured in 
Experiment I, the level of cold stress imposed was 
sufficient to cause marked vasoconstriction, as indicated by 
the recordings of surface temperatures, and resulted in 
visible shivering of the animals. Previous data presented in 
Chapter II has shown that the metabolic rates of lactating 
ewes housed at 0 °C were increased by 20 - 55 %, depending 
upon the duration of cold exposure, suggesting that the 
severity of cold exposure inflicted in Experiment I also 
could be classified as moderate. 

MBF measured during cold stress was also affected by 
minor disturbances, suckling and postural changes. Both mild 
Stress and suckling resulted in a decreased flow through the 
mammary artery however the effects were not as obvious 
duringea  penrodectsicoldeexpostregasythey weretat@eontrol 
temperatures. It is possible that a change in MBF due to 
mild stress or suckling in these trials may have been 


partially masked by a cold-induced Gonstaret longer pene 


mammary artery. 
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Indirect evidence of a depressed blood flow to the 
udder during cold exposure was obtained from the recordings 
of mammary temperature. Surface temperature measured from 
thescranialGandicaudallportionsrof *theudder? fell 
BeSpecuiveln, @Dy i215 mC eand 612.0)  CoineAnima WeAvand aioe oun 
and 6200eC mneAnimal@siduringmthe period offcoldtexpostrer 
This decrease in udder surface temperature is larger than 
that reported previously for acutely cold-stressed sheep 
(Smith et al. 1978) however, a more severe cold stress may 
have been imposed in the present study. 

Lying down effectively insulated the mammary gland from 
a low ambient temperature as evidenced by the increase in 
MBF and udder surface temperatures. Smith et al. (1978) also 
noted similar trends in the udder surface temperatures of 
cold-stressed lactating ewes. They concluded that lying down 
resulted in an increase in udder surface temperature by 
either affecting MBF or by decreasing surface conductive and 
convective heat losses. The present study confirms that 
posture can affect MBF and probably mammary heat loss, 
althoughtthetinfluence ofPposture,.on the tratemofvheateioss 
from the mammary gland remains to be quantitatively 
examined. 

Prolonged cold exposure (Experiment II) tended to 
result in a reduction of total mammary weight, especially 
when expressed as a percentage of bodyweight (Chapter II). 
The possible contribution of a smaller udder Size to the 


thermal balance ot the animal is uncertain. Smith et al. 
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(1978) suggested that despite the relative lack of 
insulation, the mammary gland of the ewe can only account 
Eon fa psiia Ll ipor grontot tthe Stotalsiheatilloss ofthe 
cold-exposed animal. Further work is necessary to support 
BiuSoeconoluswaen: 

After accounting for mammary weight differences, total 
MBE was@lowered thy 118) 2129 was ‘apréesulttof tprobanged: cold 
exposure meAlthoughithrs iresult iwas inotiisignifiicant ai tilis 
Slightly lower than the decrease observed previously in 
acutely cold stressed lactating goats (Thompson and Thomson 
LOT iThomsomiet! aly e970. ehawl krernset tal Nel980uer IniithercE 
animals, suckling tended to further reduce total MBF, a 
trend that was mirrored in all mammary structures. 

The influence of cold exposure on mammary blood flow 
distribution has only been examined previously in the 
non-lactating animal. Thompson (1980) determined that 
reductions in udder skin and teat blood flows in 
non-lactating ewes exposed to 0 °C for 2 h was approximately 
balanced by an increased blood flow to the mammary adipose 
tissue. In the present experiment, a cold-induced reduction 
in blood flow to all udder tissues except for the lymphoid 
and connective tissues was observed. An increased proportion 
of blood flow to the connective tissue of the udder perhaps 
supports ‘Thompsons 3(1980): observation «of aygreater blood 
flow to the mammary fat depot since in the current 
experiment, adipose tissue was included in the 


classification of connective tissue. 
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Ofethe tissuestofh ithe hindlimb) examinedrin sthespresent 
study, a very large increase in blood supplied by the 
externaleuliacsartenyntoithespoplitealttatedenotiwas 
observed as a result of cold stress. A cold-induced 
elevation in blood flow to adipose depots in mature sheep 
has also been found by Hales et al. (1976) for the perirenal 
bBattdepot Wand fourthethindlimbs fatninecaztlese(Belll fereale 
1976), possibly supporting an increased mobilization of 
white adipose tissue as discussed by Thompson (1977). 

Blood flow to the skin of the hindlimb of the 
chronically cold stressed ewes tended to be lower whereas 
blood flow to the hindlimb muscles tended to be elevated in 
comparison to the values obtained in the CON animals. 
Microsphere studies of blood flow to the hindleg of the 
young ox after acute cold stress have revealed a 
non-significant decrease in skin blood flow but an increased 
flow to the muscles (Bell et al. 1976). Hales et al. (1976) 
discovered that leg skin blood flow fell to an extremely low 
level in adult sheep exposed for approximately 60 min to a 
cold environment although blood flow to the muscles of the 
Upper Hindlimb ancreased. In contrast), schaerer yet ral. 
(1982) failed to demonstrate any reduction in leg skin blood 
flow in adult sheep as a result of acute or chronic cold 
Stress although blood flow to the gluteus maximus muscle of 
the hindleg was elevated after prolonged cold exposure. 
Discrepancies between previously reported results may stem 


from differences in environmental and experimental 
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conditions. The thermal balance of a cold-stressed animal 
WOULd = Eend to favor ayreduction in blood flow tosthesskin of 
the extremities to minimize heat loss to the environment but 
an elevated flow to the skeletal muscles to support 
shivering thermogenesis (Thompson 1977). 

The present studies have indicated that at least part 
of the diurnal variation in MBF can be related to feeding, 
posture and suckling although the underlying control 
mechanisms involved are uncertain. As well, blood flow to 
the mammary gland was found to be sensitive to cold and 
other forms of stress. Further research 1S necessary to 
determine if the duration of cold exposure has a significant 
influence on the level of inhibition of blood flow through 
the mammary artery. The importance of a reduction in MBF 
during prolonged cold exposure in relation to the 
maintenance of thermal equilibrium and to the process of 
milk formation in the ewe also will require additional 


examination. 
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IVa section 111 
The Effects of Prolonged Cold Exposure on the Growth, 


Digestion and Morphological Development of Young Lambs 


A. Abstract 

The performance and development of young lambs housed 
at 0+1 °C or 21 +1°C were compared in two experiments. 
Despite Similar nutrient intakes for both treatment groups, 
growth rate of the cold-exposed lambs was depressed by 
9-16 % prior to weaning and by 20 % shortly after weaning. 
By 10 weeks of age morphological differences between the two 
groupsS were apparent, especially in terms of smaller ear 
dimensions (P<0.01), head (P<0.10) and metatarsal lengths 
(P<0, CSjmot@the cold-exposed lambs. Thirteen week old weaned 
lambs also tended to have shorter leg bones than those 
housed at 0 SC. Dry matter and nitrogen digestibilities of a 
concentrate ration fed to the weaned lambs were not affected 
by treatment although nitrogen retention (g/day,g/gDNI) was 
Significantly lowered (P<0.05) as®a result of cold exposure. 
Organ weights measured after 11 wk of differential 
temperature exposure were Similar for both groups except for 
slightly increased abomasal and thyroid weights (P<0.10) in 


the cold-exposed group. 
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B. Introduction 

The exposure of a homeotherm to a cold environment 
results in marked physiological responses (see reviews by 
Thompson 1977; Alexander 1979) that enable it to adapt to 
theisunfavorable wconditions. Due ito aichange inthe rate of 
heat exchange between the animal and the environment, the 
cold-exposed animal must strive to minimize heat loss and 
augmenteheédt productuen Git forder "to marmntarmma staceror 
thermal equilibrium (Mitchell 1974: Webster 1974). Under 
these conditions, the maintenance requirement of the animal 
has been shown to increase (Graham et al. 1959; Young and 
Ghrastopherson e974) sands, tas ga econsequencemsanimal 
productivity emayrsuiter: 

After accounting for the direct effect of cold exposure 
on the metabolic requirements of the animal, the depression 
of performance that occurs in a cold environment appears 
largely to be nutritionally related. Cold-stressed animals 
will increase their voluntary food intake (Baile and Forbes 
1974) but digestibility of the feed often is reduced (NRC 
TooWekhennedy etal. = 1962) sastanlesult .ithe Netssupplys of 
nutrients available to meet the metabolic demands of the 
animal may be only slightly increased when food is available 
ad-libitum, or may even be reduced if food intake is 
restricted. Studies of the digestive responses of ruminants 
to cold stress performed to date however have concentrated 
mainly on animals at maintenance and little work has been 


done on productive (ie. growing, pregnant, lactating) 
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animals. 

While a young growing ruminant may potentially be more 
susceptible to stress and insufficient nutrient availability 
than a mature animal, a growing animal might also be better 
able to adapt to a thermal stress, thereby reducing the 
degree of environmental discomfort experienced. For example, 
a reduction in the growth of the extremity areas may help to 
minimize the heat loss of the animal. Although, generally, 
morphological adaptations to cold are considered to be 
genetically controlled, Weaver and Ingram (1969) and Heath 
and Ingram (1979) have reported that a relatively short term 
exposure of growing pigs to a cold environment can result in 
marked alterations in development. 

The present experiments were conducted to determine the 
response and adaptative capacity of young lambs to a cold 
environment by examining growth, body dimensions, organ 
weights, and nitrogen digestibility and retention during the 


frrst  ieeweeks of lite. 
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C. Materials and Methods 

Experiment I 

Four crossbred Suffolk “lambs (2 male, 2 female) were 
housed with their édams®irom wk oi-Stot age fateeach Ghetwe 
exposure temperatures. Control (CON) lambs were housed in an 
animal room at a temperature of 21+1 °C while the 
cold-exposed (CE) lambs were housed within one of two 
temperature-controlled chambers maintained at 0+1 °C. Each 
lambivand"ewe pairtwas kept °in “a “metabolic crate \(1. 2x02 em) 
designed to deny access of the lamb to the ewe's food. 
Growth of the lambs was monitored by weekly weighings. 
Morphological development was assessed twice during the 
experimental period when the lambs averaged 4 and 9 wk of 
age. Leg bone lengths were determined in duplicate by 
flexing the joints of the leg and meaSuring the inter-joint 
distance with calipers. Other measurements (head length, 
body length) were determined using a tape measure. 
Experiment II 

A second experiment was performed to further examine 
the growth rate and to determine the digestive responses of 
lambs housed in a cold environment. Five crossbred Suffolk 
lambs (3 male, 2 female) were assigned to each of two 
treatment groups: treatment 1 lambs (CON) were housed at an 
ambient temperature of 2141 °C within two continuously lit 
rooms, while treatment 2 lambs (CE) were kept in two 
temperature-controlled chambers maintained at a temperature 


of O+1 °C. The experimental treatments began when the lambs 
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averaged 12 days of age and continued for 11 weeks. 

During the first eight weeks of the experiment each 
lamb waS individually penned with its dam in a 1.0x1.8 m pen 
bedded with wood shavings. Throughout this period the only 
source of nutrition for the lamb was that supplied by the 
ewe's milk. Growth of the lambs was monitored by weekly 
weighings. 

At 10 wk of age the lambs were weaned and duplicate 
meaSurements of various dimensions (wither height, head and 
ear length, ear width, leg and body length) were made with a 
tape measure on the live animals, using external anatomical 
Structures and bony protuberences as landmarks. 

Following weaning, each lamb was placed in a metabolic 
crate (0.61x1.52 m) and fed a concentrate ration (Table 
ivejjmatea levellotecSagqukgeBWe’ day “Ue This Levelvot 
feeding was calculated to meet the nutrient requirements of 
a growing lamb housed at a thermoneutral temperature 
(NRC 1975). Unconsumed feed was collected and weighed and 
fresh feed offered twice daily (0800 & 1630 h). Water was 
available ad-libitum. 

After.an initial 10 day adjustment period, a 
digestibility-nitrogen balance trial was conducted. Over a 9 
day period, total fecal and urinary output was collected. 
Fecal matter was retained by a screen located below the 
floor of the crate and sloped plastic sheeting used to 
direct the urine into a bucket containing an acetic 


acid-mercuric chloride solution (to prevent ammonia release 
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Table Vve ts -COMmpDOsatron- of the Concentrate Dietumedstoutne 
Weaned Lambs, Experiment II 


Ingredient: % as fed 
Rolled Barley Se 
Soybean Meal 14.7 
Cobaltelodized Salt a8) 
Calcium Phosphate pase 


Vitamin ADE Premix 
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and bacterial action). Representative feed, fecal and urine 
eallplescgwenemccored at —!0 “C prior to analysis. Samples of 
feed and feces were dried to a constant weight in a forced 
air oven at 65 °C to determine dry matter content. Nitrogen 
anlaysis of the feed, fecal and urine samples was performed 
uSing the macro-Kjeldahl method (AOAC 1980). 

At 13 wk of age the lambs were slaughtered and the 
carcasses dissected to determine organ weights and bone 
lengths. Bone lengths were determined in duplicate by using 
calipers to measure the distance between joint surfaces. 
Statistical Analysis 

Results from each experiment were analyzed separately. 
Treatment differences for weight gain, ADG, lamb dimensions, 
digestibility-nitrogen balance results and organ weights 
were compared using the Students t-test. Bonelengths of the 
13 wk old lambs (Experiment II) were analyzed using 
bodyweight as a covariate when Least Squares Analysis of 
Variance showed that the covariate was significant (Steel 


aAndeTorries 1980)% 
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D. Results 

Experiment I 

One lamb from the CE group was excluded from the 
analyses since milk intake from wk 5-9 of age’ was restricted 
by severe mastitis in the ewe. Weight gain over 49 days 
prior to weaning averaged 11.83+1.29 and 9.99+0.83 kg for 
the CON and CE groups respectively, representing a decrease 
Oty Om ee P>0. 10) taSeap result otecold exoosures(Picure: ly. 
Estimated daily intake of milk protein and energy 
respectively, averaged 78.7+2.27 g and 1.8940.102 Mcal for 
Ehes CON lambs) and 75,212.49, 9 and 2.0420.071 .Mcal for the 
CE animals during this period (Chapter II). 

Bone development of the lambs was assessed by measuring 
the percentage change in bone length from 4 to 9 wk of age 
(Table IV.2). Although the percentage change in length for 
all of the parameters measured was lower as a result of cold 
exposure, only a treatment difference for metatarsal growth 
Was Statistically significant (P<0.05). By 9 wk of age ear 
area of the CE lambs visually appeared smaller but proved 
difficult to accurately measure (Plate IV.1). Differences 
between treatment groups were also observed in the external 
appearance of the nasal area of the head. 

Experiment II 

Weight gain over 57 days prior to weaning was reduced 
by 9 %4(P>0).00)/ asja result cf cold exposure (@ablegiv.3; 
Figure IV.2) although estimated daily nutrient intake during 


this period was similar for both treatment groups; from the 
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Figure IV.1 


Growth of the Control (e——e) and 
Cold-Exposed (o———o) Lambs, Experiment I. 


Go 


Table IV.2 Bone Growth' in Lambs From Week 4-9 of Age, 
Experiment I? 


MeaSurement CON (4)? CEanse) 
Weight Change (kg) Tee ule ee Ou) Gnge = Umay) 
Right Radius (ores See iOZ 1 Oi 497 tal ogee 
Right Metatarsus Oras OF CRO 5 5§.30+0.50* 
Right Tibia 29.45+8.05 20.4744.48 
Head Sis eee ete 1 
Body Length‘ 2388524556 Pater TO eas 6 1 


bone growth measured as the percentage change in length 
over a 36 day period. 


values represent mean+SEM. 
number of animals/treatment in parentheses. 


* body length /measured from the point of shoulder to the 
point of buttock: 


* treatment means are significantly different (P<0.05). 
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Plate IV.1 Appearance of the Ears and Nasal Area of a 
Control and a Cold-Exposed Lamb 


CONTROL COLD-EXPOSED 
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analysis of milk yield and composition, protein intake 
averaged 32.05+1.65 g/day and 33.26+2.67 g/day for the CON 
and CE lambs respectively, while energy intake for the CON 
and CE groups, respectively, averaged 0.80+0.055 Mcal/day 
and 0.874+0.073 Mcal/day. Pre-weaning growth rate was 
approximately 25 % lower during Experiment II than in 
Experiment I but can be related to a large difference in the 
average milk production of the ewes in the two studies 
(Chapter II). Weight gain measured over 11 days following 
weaning also was lower, but not significantly so (P>0.10) 
for the CE lambs. ADG was adversely affected by weaning for 
both treatment groups (Table IV.3). 

Anatomical meaSurements performed on the live animals 
at 10 wk of age were consistently smaller for the CE lambs 
however only ear dimensions (P<0.01), hindleg (P<0.01) and 
head lengths (P<0.10) were significantly influenced by 
treatment (Table IV.4). Since the CE lambs on average 
weighed less than the CON lambs when these meaSurements were 
taken, treatment differences may reflect a smaller 
bodyweight rather than altered development. 

Analysis of the bone lengths of the 13 wk old lambs, 
adjusted where appropriate for bodyweight, again revealed 
that cold exposure tended to result in a reduction in leg 
bone length, although the differences between treatments 
were not statistically significant (P>0.10) (Table IV.5). 

Although DM and N intakes per kg bodyweight were 


equivalent for both treatment groups, the total DM and N 
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Table IV.3 Pre- and Post-Weaning Weight Gain of the Control 
and Cold-Exposed Lambs, Experiment II' 


Measurement CON WS CE (5) 

Pre-Weaning Weight Gain? (kg) she syehe 9 Wr ccis) Pent 201 
Post-Weaning Weight Gain‘ (kg) ies Ore iG Oe 02807 
Pre-Weaning ADG (g.day~') OU wom oe Se abtelel ces 
Post-Weaning ADG (g.day~') (Cet a0? 63, 642315 


' values represent mean+SEM. 
number of animals/treatment in parentheses. 
> values represent weight gain over 57 days. 


values represent weight gain over i1 days. 
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Figure [V.2 Growth of the Control (e——e) and 
Cold-Exposed (o———o) Lambs, Experiment II. 


Weaning 
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Table IV.4 Lamb Dimensions at 10 Weeks of Age, 
Experiment II' 


TO  —_————————— 


MeaSurement: CON £45)" CEE 5) 
Bodyweight (kg) 16805 17h} 14 534 014 
Wither Height (cm) 49,841.41 47621595 
Body Length? (cm) SO es a iy 4603+ 7276 
Elbow-Knee Length (cm) eye femel 64 9/2) 150+ GeO 
Knee-Hoof Length (cm) T6mgeO 257 143620470 
Stifle-Hock Length (cm) ZO ee 21. 420285 
Hock-Hoof Length (cm) 23 4440149 19.6+0.70** 
Head Length (cm) 15.6+0.44 1a Ot Ones 2a 
Ear Length (cm) 10 3520254 8.4+0.32** 
Ear Width (cm) 652 OS 5 020 a24 
Ear Area‘ (cm?) D5 eos 3400) 34 J322851.5 


' values represent mean+SEM. 
2 number of animals/treatment in parentheses. 


> body length measured from the point of shoulder to the 
Daritwom buLTOCK, 


* ear area calculated as the area of an ellipse. 
+ treatment means are significantly different (P< 0710s)" 
*ktreatment means are significantly different (P<0.01). 


+ treatment means are significantly different (P<0.001.). 
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Table IV.5 Leg Bone Lengths of the 13 Week Old Lambs, 
Experiment II' 


Measurement CONT U4Nr Bled Gey) 
Bodyweight (kg) igs = ois he Jo) eno tao 
roreleq: 
Scapula (cm) 1 Oo O09 10320008 
Humerus (cm) (2 2t0 52 152040 
Radius? (cm) ‘at hat el hese i e2t0 1g 
Metacarpus’ (cm) e020. 26 OOS 
Phalanx (cm) Sigg an Ore sl 2520 te 
Rincvecs 
Femur (cm) hepa) Sie) (357520 450 
Tae cm) 162120229 (5.120. 6.1 
Metatarsus (cm) ii B+ Oso Wie Orca 
Phalanx (cm) Be 20 rae Saale Ones 


i 


' values represent mean+tSEM. 
‘2 number of animals/treatment in parentheses. 


> yalues adjusted for bodyweight as a covariate. 
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intakes (g/day) of the CE lambs were lower as a result of 
their slightly smaller bodyweights (Table 1V.6). Cold 
exposure had no significant influence (P>0.10) on DM or N 
digestibility. Of the nitrogen that was digested however, 68 
and 58 % for the CE and CON lambs, respectively, was 
excreted in the urine, resulting in a significantly 
decreased nitrogen retention (g/day, g/g digestible N 
intake) in the CE lambs (P<0.05). 

Although the CON lambs averaged 17.8+0.16 kg while the 
CE animals weighed only 14.8+0.16 kg at the time of 
Slaughter, the organ weights of the 13 wk old lambs, 
expressed on a per kg BW basis, revealed no significant 
treatment effect except for a tendency of increased abomasal 
ancmehysordewergnts (P<0.10) as a result of cold exposure 
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able whV +6 she Digestibility and Nitrogen Retention of a 
Concentrate Diet Fed to the Weaned Lambs, 
Experiment II' 


Measurement: GONs G5)? CE 5) 
Bodyweight (kg) Lone Se eerie Vote) Oem LA ees: 
Intake (g/day) 
DivgMatter | 426.04+29.48 3802 78230524 
Nitrogen 10%. 424, 0.72 995-8055 


Digestibility. (%) 


Dry Matter WAR PAI ae (OSs) §2..79+0.44 
Nitrogen (SES Dia teks) Tes el Otel eO 
Urinary N (g/day) ih ae (0) GWE 4 24640,.26 


Nitrogen Retention: 


g/day Hace Wet Pees (OE OPI ORIE: 
Momek Cm BW mica yo 184.34+18.96 ISSR Ot wom 
g/g DNI? 0743270 ..04 0532707023 


‘ values represent mean+tSEM. 

2 number of animals/treatment in parentheses. 

> DNI= digestible nitrogen intake. 

+ treatment means are significantly different (P<0.10). 


* treatment means are significantly different (P<0.05). 
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Table IV.7 Organ Weights of the 13 Week Old Lambs, 
Experiment II' 


SS SSS SS SSS iS SSS 


Organ Weight (g/kg BW) CONtG5y)s CEaetSs) 


SSS 


Digestive Tract: 


Reticulum Zeke On. 1.6 3648 +07 
Rumen ele On.0 Ore ot O are 
Omasum iG 5+ 00ers 12/620 2138 
Abomasum 520320245 6275205657, 
Duodenum iexO 9205018 te 2 2407016 
Jejunum & Ileum Zoe tein 6 S204t2026 
Cecum (Caen Eaten fu 129320. 24 
Colon 1 ORCS Fes 10s 6970257 
Heart oy Ae AA O40 su 
Lungs Lae sa 060 Wie a0 35 
Liver 22a Sone 22 eat Ooo 
Kidneys BO Oo Bey O20 
Spleen Pate ees yon 220 UGe 
Testes? io Oe0G Vator 0 426 
Thymus 2.48+0.40 24040734 


Endocrine Glands: 
Thyroid OF 053402002 0.065+0.0057 
Adrenals 0.096+0.011 Gay ih Sepa) 5 0)ee 


+ 2 5 SS ee ee EE A Be te ee SL a se 
' values represent mean+SEM. 

2 number of animals/treatment in parentheses. 

> values represent mean+SEM of 3 animals/treatment. 


+ treatment means are significantly different (P<0.10). 
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E. Discussion 

Growth Rate 

In the present experiments growth rate, as measured by 
body weight change, tended to be depressed in the lambs 
housed at 0 °C both prior to and following weaning. Since 
weight gain after weaning was assessed only over a 11 day 
penvod, Mie tsudcubtful 1 fichictmeasuremismea reliabverinde:. 
OLrgrowth? 

With milk-fed lambs fed at an equivalent level of 
intake, Gibb and Penning (1972) reported a reduction of ADG, 
méasuredsirom 1-23 daysvoftage, ofPapproximately 98%Gi1f the 
lambs had been housed at 7 °C rather than 21 °C. No 
detrimental effect of temperature on ADG however was 
observed if the milk replacer was available ad-libitum (Gibb 
and Penning 1972). In contrast, Williams and Innes (1982) 
found a significant depression in ADG in calves kept for 2 
weraeiSf2cC andtfedtmiikereplacer ad=bibi tumosagcold-immduced 
depression of variable magnitude in growth rate following 
weaning has also been observed in young pigs fed restricted 
anountssGhulverntand Boyne 1971; Hacker et al. 19737 Phiilips 
et al. 1982); ad-lib fed lambs (Ames and Brink 1977) and 
feedlot steers (Brink and Schalles 1975) although the 
results obtained with ad-lib fed young pigs are inconsistent 
(Fuller 1965; Brown et al. 1976; "Phillips et al.°1982). 

Welatge pont ron Woh tthe avar tabrirty “inethes hi: verature 
concerning the occurence and magnitude of a cold-induced 


growth depression can be related to differences in the 
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severity and/or duration of the cold stress imposed. Since, 
in the present studies, heat production was not measured and 
the lower critical temperature has not been established for 
this age of lamb, the degree of cold stress imposed by 
housing iyoungslambseat O°C canronly ubesapproximated. Based 
on the thermoneutral heat production of 1-4 wk old lambs 
(Degen and Young 1982), published values of the lower 
critical temperature of very young lambs (Alexander 1961) 
and the thermal insulation of sheep and of other animals 
(Blaxter 1976; Christopherson and Young 1981), it would 
appear that a 4 wk old unshorn lamb would not be cold 
stressed at effective ambient temperatures above -1 °C. For 
the majority of time during the experimental period then it 
is possible that both groups of lambs were housed within 
their thermoneutral zone. The lack of a significant 
neducthion) an) theagrowthwratevot rtheyGEpiambsathéreronescan 
be related to the degree of cold stress imposed and the 
equivalent nutrient intakes of both groups of lambs prior to 
(Chapter II) and following weaning. 
Lamb Development 

Maintenance of thermal equilibrium in a cold 
environment might favor the differential development of 
young growing animals in comparison to their counterparts in 
a warm environment. This phenonomen has been clearly shown 
to occur in pigs by Weaver and Ingram (1969) who assigned 
littermates of weaned pigs to exposure temperatures of 35 °C 


or 5 °C and offered feed at a level so that weight gain was 
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Similar in both environments. They were able to demonstrate 
that after 72 days, the cold-exposed pigs were shorter and 
Stockier, and had smaller extremity surface areas, as 
indicated by tail length, ear area and head length, than 
their littermates kept in a thermoneutral environment. Bone 
lengths measured after the animals were killed revealed 
shorterSfemur, ttibrapimetatarsal jehumerustecadius,  Ulnaeand 
metacarpal lengths in the cold-stressed pigs (Weaver and 
Ingram 1969). Similarly, Heath and Ingram (1979) found that 
pigs raised at. 25 °C had rounder bodies, shorter snouts and 
smaller extremities compared to their littermates housed at 
25esCeeHackerhetealon(1978) talso feund@that Gar area, body 
and leg length and heart girth, adjusted for bodyweight, 
tended to be reduced in pigs housed at 2 °C rather than at 
20 °C. The underlying control mechanisms involved in these 
morphological adaptations have yet to be identified but 
possrbiyecouldibelrelated ito alidecreased@rissuc ™vemperature 
and/or restricted blood flow to the extremity areas. 
Similar trends of altered development were found in the 
present studies with young lambs, especially in the more 
atistaleleqebonesmandminttherextremmt yesustacetarecasaes 
greater severity and/or duration of cold exposure however 
may be necessary to induce a more pronounced change in the 
development of the lamb. These morphological changes in 
young lambs and in other animals might be expected to be 
beneficial to the thermal balance of the animals while 


living in a cold environment. 
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Digestibility-Nitrogen Balance Trial 

Previous studies performed with mature sheep and cattle 
exposed to a cold environment over a prolonged period have 
indicated that DM digestibility of a roughage-based feed is 
Gepressedvby appresamatelys0.4-0t@edigestipilatyaunits, —C 
(see » NRC 1981). A cold-induced reduction insroughage 
digestibility has been found to be independent of the level 
of intake (Christopherson 1976) and is probably associated 
with an increase in rumination activity (Gonyou et al. 
1979), reticulo-rumen motility (Westra and Christopherson 
1976; Gonyou et al. 1979), rate of passage of digesta 
(Westra and Christopherson 1976; Kennedy et al. 
1976,1977,1982) and change in site of digestion (Kennedy et 
al. 1976,1982). It is hypothesized however that the effect 
of cold exposure on digestibility may be diet-dependent; 
recent research has found that the digestibilities of a 50 % 
barley-50 % pelleted alfalfa (Young and Degen 1981) and a 
100 % concentrate (Kennedy et al. 1982) diet fed to mature 
sheep were not affected by a cold environment. The lack of 
effect of cold exposure on the DM digestibility of the 100 % 
concentrate ration fed to the lambs in the present study is 
consistent with this hypothesis. 

Conflicting evidence exists in the literature as to the 
influence of a low ambient temperature on N digestibility. 
In ruminants fed a roughage-based diet, N digestibility has 
been reported to be reduced (Christopherson and Milligan 


1973: Christopherson and Thompson 1973; Ames and penisole Siregs 
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Kennedy and Milligan 1978; Kennedy et al. 1982) or unchanged 
(Kennedy et al. 1976; Westra and Christopherson 1976) as a 
result of a low temperature. The dee nemane ee in reported 
results do not appear to be related to treatment differences 
in the level of feed intake. N digestibility of a 50 % 
concentrate diet fed to sheep and cattle has also been found 
to be reduced during cold exposure (Christopherson 1976) 
although N digestibility in mature sheep fed a 100 % 
concentrate ration was not affected by a low ambient 
temperature (Kennedy et al. 1982), nor was N digestibility 
depressed in the CE lambs in the present experiment. 

Despite Similar N digestibilities for the CON and CE 
lambs, N retention was reduced during cold exposure as a 
result of increased urinary N excretion (% digestible N 
intake). The decreased N retention is consistent with the 
reduced body weight gain of the lambs in the cold. 
Similarly, reductions in N retention have been reported in 
cold exposed ruminants fed either ad-libitum or restricted 
to the same level as control animals, kept at a 
thermoneutral temperature (Christopherson and Milligan 1973; 
Westravandechristophersom 976stAmes fand (Br anki 97 7; exennedy 
and Miblngandl) Sag): 

Organ Weights 
Digestive Organs 
Exposure to a cold environment was accompanied by a 
slight increase in weight relative to total body weight 


of each component of the gastrointestinal tract; 
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however, only the increase in abomasal weight approached 
Significance (P<0.10). Although it is known that 
digestive functions often are affected by cold exposure 
(NRC 1981), other studies performed with growing pigs 
housed at a low ambient temperature have failed to 
reveal any cold-induced change in gastrointestinal tract 
weight (Sugahara et al. 1970; Hacker et al. 1973; Brown 
et al. 1976). Digestive organ weights of lactating ewes 
also have not been found to be affected by a prolonged 
period of cold exposure (Chapter II). In contrast, 
wethers chronically exposed to low temperatures have 
been shown to have increased small intestine (Schaefer 
1979), reticulo-rumen and total gastrointestinal tract 
(Graham et al. 1982) weights, although these effects 
were likely a consequence of an increased feed intake 
rather than the cold environment per se. 
Other Organs and Glands 

Treatment means for heart, liver, kidney, spleen 
and lung weights also tended to be higher for the 
cold-exposed lambs although the differences between 
treatment groups were not significant. A significantly 
increased heart weight in cold-stressed animals has been 
found for wethers (Schaefer 1979) and growing pigs 
(Fuller 1965), however other studies have failed to show 
any temperature-heart weight interaction (Hacker et al. 
1973: Brown et al. 1976; Graham et al. 1982). Assuming 


that an increase in heart weight is-a reflection of a 
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greater work load, an increased heart weight would only 
occurtifiuthe saverityhoivecldsstress@wasesutmtcient to 
result in an increased cardiac output and/or arterial 
pressure. 

Since liver metabolism has been shown to be 
affected by cold exposure (Thompson et al. 1975), weight 
changes in this organ might be expected. A significant 
increase in liver weight has been reported for 
cold-stressed wethers (Schaefer 1979: Graham et al. 
1982) and pigs (Sugahara 1970); however, this effect 
again may be related to a higher level of feed intake 
rather than to the low ambient temperature. In growing 
pigs fed a restricted, but equivalent level of intake, 
liver weight was depressed in the cold-exposed animals 
in comparison to their counterparts housed at a 
thermoneutral temperature (Hacker et al. 1973). 

Greater urinary excretion and/or food intake during 
cold exposure may result in an increased kidney weight. 
Larger kidney weights have been found in cold-stressed 
wethers (Schaefer 1979) and growing pigs (Fuller 1965; 
Sugahara 1970). 

A larger spleen size has been reported by Fuller 
("OG5) and Brown et al. 9(19/76)— in) cola-strecsedmpigs, 
perhaps reflecting an increased blood storage Capacity, 
haemotopoiesis or erythropoietin secretion (Swenson 


1970) during cold exposure. 
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From a survey of the present literature, a 
cold-induced change in lung weight has not been 
established in any study. 

The lower testicle weight of the CE lambs in the 
present study 1S consistent with the results of Hacker 
eb abanto7sjmobtained with younq=pigs. Asreducticnsin 
external gonad weight again may be of benefit to the 
thermal equilibrium of the animal but may also reflect a 
retardation of sexual development, as evidenced by the 
cold-induced endocrinological alterations in boars 
reported by Hacker et al. (1973). 

A tendency towards increased thyroid and adrenal 
gland weights in the CE lambs also agrees well with the 
reported cold-induced changes in circulating levels of 
thyroid and adrenal hormones in domestic ruminants 
(Westra and Christopherson 1976; Thompson et al. 1978; 
gnraestopherson et aly 1979>) Graham-et ai. (961), 

Lamb organ weight relative to body weight was found 
to be similar in most cases to that found previously in 
this laboratory with mature sheep; noteable exceptions 
being the smaller lamb omasal, thyroid gland and spleen 
weights but greater weight of the small intestine (Table 
WV 2. 

In summary, the exposure of young lambs to a cold 
environment appeared to result in certain alterations in 
development although the duration of cold stress perhaps 


was insufficient to demonstrate the full extent of their 
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biological responses. 

The pattern of growth, N excretion and N retention 
of the cold-exposed lambs following weaning probably 
reflects the increased use of amino acids as energy 
Substrates. Further work is required to determine if the 
provision of additional food energy to the cold exposed 
lambs might have prevented the increased utilization of 
protein as an energy source and Spared it for use in 


growth. 
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V. General Summary and Conclusions 


The most significant aspects of these experiments can be 


Summarized as follows: 


se 


ine) 


Milk production and milk energy output in ewes suckling 
Single lambs were not altered by chronic cold exposure. 
Since cold exposure resulted in a reduced feed 
digestibility and increased heat production without any 
apparent loss of bodyweight, it can not be concluded by 
what means milk production was maintained. Possibly the 
methods used to estimate milk production gave erroneous 
results or else heat production estimates of the 
cold-exposed lactating ewes were overestimated because 
of measSurement-induced changes of behavior. However, the 
calculations of net energy balance suggested that energy 
substrates may have been mobilized from body tissues to 
a greater extent in the CE ewes, resulting in changes in 
body tissue composition. 

Chronic cold exposure resulted in a change in mammary 
fat metabolism as indicated by milk fat concentration 
andetattywacid compositions Mulkyrat i compos ut tom iehanges 
were indicative of an increased supply of long chain 
fatty macidspmbikely enobilizedairomiadiposertssue. 
Endocrinological changes in the cold-exposed lactating 
ewes, aS indicated by plasma levels of hormones, were 
Simplanrnto mhanges previously @reponted tiormcobdsstressed 
mature wethers. High levels of catecholamines and T, 


relative to insulin would be expected to promote an 
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increased mobilization of body energy reserves to help 
Support an increased level of thermogenesis and to 
maintain milk secretion during cold exposure. 

A reduction of mammary weight as a consequence of 
chronic cold exposure was observed. Theoretically this 
would suggest that milk production would be impaired, 
although measures of milk yield and mammary efficiency 
would indicate the contrary. Further work is needed to 
investigate this area. 

Both chronic and acute cold exposure appeared to 
decrease mammary blood flow. From the examination of the 
diurnal variation in mammary blood flow it would appear 
that the influence of temperature is highly dependent 
upon sbhétanimalesepostune. Changes in behavior during 
cold exposure therefore could minimize any influence of 
temperature on blood flow to the mammary gland. 

Cold exposure appeared to result ina redistribution of 
blood flow within the mammary gland. This may be related 
to a general mechanism of an elevated adipose tissue 
blood flow to increase free fatty acid mobilization 
duringscold vexposure. 

Suak hingmappeaned tosactpeasmdidm@minonest ress mtosreduce 
mammary blood flow. While the action of stress von blood 
flow may be related to the release of adrenaline and 
noradrenaline, the mechanism and function of a 
suckling-induced reduction of mammary blood flow remains 


to be defined. 
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While nutrient intake prior to weaning was determined to 
be similar for both the control and cold-exposed lambs, 
only a slight depression ‘in growth rate as a result of 
cold exposure was observed. Possibly the thermal stress 
imposed was not sufficient to result in an increased 
metabolic rate and maintenance energy demand of the 
young lambs. 

DM and N digestibilities of a concentrate diet fed to 
the young lambs were not affected by cold exposure 
although a relative increase in urinary N loss resulted 
in a decreased N retention in the cold-exposed lambs. 
These results would tend to support the reduced rate of 
growth of the cold-exposed lambs observed over a short 
period following weaning. 

Morphological adaptations to the cold seemed to be 
developing by 13 wk of age especially in terms of the 
distal leg bones and ear surface area. The benefits of 
these adaptations as related to a decreased rate of heat 
loss to the environment remain to be quantitatively 
examined. 

Prolonged cold exposure didjnot Nave any erfect on 
Gastrointestinal tract weight 1m erther the lactating 
ewe or young lamb, suggesting that digestive responses 
that occur aS a result of cold exposure are independent 


of gross changes in digestive tract morphology. 


9 * 


| Spann eae 
te duane 6 em mane ane 
costs) lawteds ott alae’ ; 
Sugenise) wart pees i 7 Od 04! 
of? jo beamdh ¢p7ses settable 7a wthedas 


+ het (91k ates trees 2 48 sebrtciai inpghb ww ot 
sirenge Glas hha 7A, Biel Semel 2 pure 
; stiuge acel 4 qyaewliey atroeeearort Beiveley- e eve t ‘8 
ALani Seawmue@-tleg.éf al of icestep @ basaarsehe ih 
-ins bowtise anfuningate abtaes Slow Setvens easit 
rata » 2eve Degwtithe auliitth beiegkebise aha toi Miwon " 
aad nga eet 
ine SA? 6) ens@tptgaon jercg bnron 
ee ah ™¢cy O56 Ud mer ‘6 praqhiaveb & 
for. (revert wT ,é6598 ened wus lav bes eorret @o4 bat 
iit 4) oe Beate Gehoh Ge OMe mikes Ga ure need? 
vlov preter aus Aa oe ti alto} eons: ste Dd. | 


dn? ig a a! P 


meee Lee nici he 
wmisalve! a2 se + aglaw osexy age 
eeeacees) ey. 2000 tend euegelaagne etal ee 
rambaangalin: atu oie Cia ¢ 1 ae ri ss 


sven Tanke) ao Z paseraes ” 


. ~~ 


. 


rh 
7 7 
we 


yy 
¢ 7 ane | 
ee _ yr 
‘anf 7 i! Lr : 
i hol 


ee ane 


tit 


tiie 
Heit puntat 


i 


